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(57) Abstract: The invention relates to an electronic system (1) comprising: - an electronic array (3) of a plurality of sensing and/or
actuating elements (3a); - a control unit (40), which is coupled to the electronic (3), for controlling the electronic array (3); and - a data
processing unit (41) for receiving data from the electronic array (3) and processing the received data; wherein the electronic system
(1) further comprises a beam former module (43), wherein the beam former module (43) is configured for addressing the plurality of
sensing and/or actuating elements (3a) for forming a beam (B1, B2).
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Electronic System

The present invention relates to an electronic system, in particular for medical

purposes such monitoring and/or modulating of physiological parameters.

Wearable electronic monitor systems can be used to monitor physiological parameters
such as cardiac function over time. For example, such an electronic system can be
embodied as monitoring and/or actuating system with a plurality of sensors, such as
electrodes, ultrasound sensors, mini-cameras, light-emitting elements and the like. The

electronic system can be body worn in a patch type format.

US 2016/0136462 A1 discloses a wearable electronic system in the form of an
ultrasound device and method of using the device including a power controller with a
power source and at least one integrated circuit that delivers electrical power to an
applicator. The applicator is electrically coupled to the power controller and a surface
of the applicator transmits ultrasound to a wearer for a given duration. The applicator
includes radio frequency (RF) drive electronics, an ultrasound transducer coupled to
the drive electronics, a monitoring apparatus that includes a thermal cutoff coupled to

the drive electronics.

WO 2018/102828 A1 discloses an ultrasound coupling patch for use with ultrasound
transducers, and more particularly to ultrasound coupling patches having a gel capture

feature.

WO 2019/162485 A1 discloses a method and an apparatus for performing ultrasound
measurements of a propagation medium containing non uniformities, with a
transmitter/transducer with a plurality of transmitting elements for emitting ultrasound

excitation pressure waves.

In electronic systems with a large number of sensor and/or actuator elements,
individually sampling every single sensor and/or actor element leads to massive
amounts of data. The system needs accordingly high capabilities for the throughput
and the processing of this data. A high amount of power is required to drive and read

such an array and all its individual sensor and/or actuator elements.
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To reduce the overall data-rate and the power consumption while maintaining sufficient
image quality for the respective application, the system complexity needs to be

considered.

It is the problem of the invention to provide an electronic system that allows efficient
data acquisition, treatment and processing, without impacting the overall data quality

negatively.

This problem is solved by an electronic system according to claim 1 of the attached set

of claims. Further advantageous embodiments are given in the dependent claims.
Accordingly, an electronic system comprises:
- an electronic array of a plurality of sensing and/or actuating elements;

- a control unit, which is coupled to the electronic, for controlling the

electronic array; and

- a data processing unit for receiving data from the electronic array and

processing the received data;

wherein the electronic system further comprises a beam former module; wherein the
beam former module is configured for addressing the plurality of sensing and/or

actuating elements for forming a controllable beam.

The invention is based on the idea that a plurality of sensing and/or actuating elements
are controlled by a beam former module, in such a way that the sensing and/or
actuating elements generate or detect a physical beam (e.g. sound, light, RF signals,
...). A beam of signals sent out by the sensing and/or actuating elements can be such
that signals are only sent out by specific sensing and/or actuating elements, i.e. a
selected number of sensing and/or actuating elements out of the whole number of

sensing and/or actuating elements.

In particular, the beam former module can be configured to apply a time delay to at
least one of the sensing and/or actuating elements or a plurality of the sensing and/or

actuating elements.

This allows advantageously easy control for high-resolution measurements and/or

beam focusing and/or beam steering.
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In particular, the time delay may be applied, when the electronic array element or the
plurality of sensing and/ or actuating elements is used for sending ultrasound pulses

and/or receiving ultrasound signals.

The time delay for an electronic array element or a plurality of sensing and/ or actuating

elements may be defined relative to controlling other transducer array elements.

Also, the beam former module and/or another unit of the system may be utilized to
determine the delay. In particular, the delay is determined for each electronic array
element or for a plurality of sensing and/ or actuating elements, to which the

determined delay is to be applied.

In particular, the beam former module is configured to apply a time delay to at least
one of the sensing and/or actuating elements or a plurality of the sensing and/or

actuating elements.

This allows advantageously easy control for high-resolution measurements, beam

focusing and/or beam steering.

Furthermore, the electronic system further can comprise a sub-array definition module,
which is configured to define at least one sub-array of sensing and/or actuating

elements.

Further, the sub-array definition module can be configured to control the at least one
sub-array as a functional unit for sending at least one actuation signal and/or receiving
at least one sensing signal. A functional unit is a unit of sensing and/ or actuating
elements, which are functionally enabled and set active together. In other words,
several sensing and/ or actuating elements are grouped together as afunctional unit
and treated as a single ,element®, i.e., the combined sensing and/or actuating elements

are driven at that same time as if they are a single unit.

The subarray definition module contains functionality to select the active elements of
the electronic array. In an electronic array with a row-column based architecture this
means that a row and/or column select module can be present as part of the subarray
definition module, this module will define the active rows and columns of the electronic
array, the intersection of active rows and active columns defines the subarray.

Furthermore, a channel select module can also be present. The channel select module
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allows advantageously to connect “L” number of outputs of the electronic array to a set
of “M” inputs of the analog front-end and/or beamformer, whereby M<=L, thus allowing
to reduce the amount of channels needed drive the array. The channel select module
can be physically implemented as a part of the electronic array e.g. in the periphery,
next to the array elements, or alternatively the channel select module can be
implemented in a separate IC. The channel select module outputs can connect directly
to the beam-former, but preferably it first connects to a signal conditioning module in
the analog front-end (e.g. filter, amplifier and/or time-gain amplifier). The channel
select module can configured to connect the channels along one or multiple
dimensions of the electronic array, e.g. in a row-column based architecture the

channels can be connected along the rows and/or columns.

The electronic system can be configured such that signals can be handed over
between different beamformer modules, and further configured such that the sub-array
definition module is configured such that the at least one subarray can be positioned

at any arbitrary location in the larger electronic array of the electronic system.

Moreover, at least two beam former modules can be provided and the electronic
system can be further configured such that a partial beam-forming is done in separate

beam former modules before combining the signal in a second stage beam-former.
There can be one or more beam former modules.

The beam former module or the beam former modules can be implemented as a

hardware part of the electronic system.

Each beam former module can be embodied such that it can control a portion of the

electronic system.

In particular, the beam former can be implemented in hardware modules (e.g. circuits
or IC’s) of the electronic system. Multiple beam formers can be present in the system,
with each beam-former controlling a part of the electronic array. The beam-formers
can be implemented in a single IC or distributed over different IC’s. The beam-former
for generating beams and for receiving beams can be two separate hardware
implementations. For example, in the send channel the beam-former for generating

the physical pulses can be implemented as a set of pulsers connected to the physical
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transducers. By controlling the timing between the pulsers separately or in a
coordinated way allows to control the generation of the physical beam. The receive
beam-former can be implemented as a hardware module which controls the timing of
the individual receive channels and combines them in a coherent way. Implementing
the receive beam-former in hardware allows advantageously to reduce the data rate
towards the rest of the system by combing N signals from the sensing elements in the
electronic array into at least one output. The receive signals from the sensing elements
are combined by the receive beam-former in such a way as to produce the required
beam-forming, -steering and/or -focusing. N can e.g. be 4, 8, 16, 32 or values in
between, while the amount of output channels M is smaller than N and preferably 1.

This reduces the data rate towards the rest of the system by a factor N/M.

Furthermore, it is possible that the beam-former module is implemented in at least one

integrated circuit (IC).

Implementing various beam-formers spread within the same IC or over different IC’s
can create discrete boundaries between the different parts of the electronic array, over
which beam-forming cannot occur. In our invention we address this by configuring the
beam formers in such a way that signals can be exchanged between the different
beam-formers. This allows one beam formers to take in signals from an adjacent part
of the electronic systems and advantageously allow beam forming over the boundaries
of the different parts of the electronic array. The connection can be done physically
through wires routing from one beam former module to another, signals from one
domain can in such a way be passed to a beamformer of another domain, thus allowing
beam-forming with elements from adjacent parts (domains) of the electronic system.
This physical interconnection can be done by branching the signal lines just before the
beamformer stage and routing the signals from one beam-former channel to another
beam-former channel and using switches to control the signal path, in a more general
way the signals can be passed between more than two beam-forming stages. If the
beam-formers are implemented in IC’s the signal can be routed internally in the same
array, for the case one IC contains multiple arrays or the signals can be routed between
two different IC’s for connecting beam-formers implemented in different IC’s. Another

option to interconnect at least two beam-formers is to branch the signal lines coming
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for the electronic array, before they reach the input stage of the control unit, e.g. if the
beamformers are implemented in IC’s a signal line would branch of and be connected
to two different IC’s, switches on the electronic array or in between the electronic array
and the IC would control the signal path. Alternatively, the connection can be
implemented virtually, where each beamformer performs summation of part of the
signal, while the other beamformer performs the summation of the other parts of the
signal. In a final step the signals are combined in an additional common output stage
to create a fully beam-formed signal. This output stage can be implemented in software

or alternatively as a second hardware stage.

The HW beam-former can be configured in such a way that it can deal with signals
produced by an array which is configured in a row and column architecture. By
connecting the HW beam-former to the outputs along the rows and/or the columns of
the array, will allow the beam-former to receive signal from either rows and columns or
a combination thereof. Thus, advantageously allowing receive steering in azimuthal

and/or elevational directions.

The beam-former module can be configured to drive the rows and columns of the

electronic array.

Furthermore, the subarray definition module and the beam-former module can be
combined in such a way that a smooth positioning and beam-forming of the subarray
is possible in the larger electronic array, smooth in this context referring to the ability
to position the subarray with the larger electronic array with an accuracy equal to the
size of a single electronic array element or a multiple of this value. The position
accuracy can vary along different dimensions of the array. For the channel select
module, such a smooth positioning can be enabled by routing different output of the
arrays to the same input of the beam-former, while a switch (or collection of switches)
can control the signal path and the positioning of the receive channels in the larger
array. In particular an interleaving of the channels from the electronic array towards
the channels of the beam-former can advantageously allow a positioning of the sub-
array with an accuracy of one column (e.g. for a 16-channel beam-former, the first
channel would connect to the 1%t row, 17" row, 33th row, etc... of the electronic array

while the second channel would connect to the 2th row, 18t row, 34" row, etc... of the
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electronic array). Other configurations are possible if courser steps are acceptable.
Another option is to place a mux/de-mux in between the beam former and the
electronic array outputs. The mux and/or de-mux allows address encoding to reduce
the amounts of interconnects needed between the beam-former and the electronic
array. Routing scheme’s such as interleaving and/or (de-)muxing allow to
advantageously reduce the channel count, if such schemes are implemented directly
on the electronic array it provides the further benefit of reducing the amount of signal
paths needed between the control unit and the electronic array. Different schemes
could be applied for the send- and receive beamformer, e.g. the send beam-former
can have a channel for each individual array input, while the receive beam-former can
have an interleaving between the electronic array outputs and the beam-former inputs.
Any other combination with interleaving, (de-)muxing or direct connection could also

be envisioned.

The beam-former can be either configured through hardware or software to reduce
complexity or allow for higher resolution imaging. In particular a combination of all
channels can be done in hardware to produce a single output an reduce data rate. On
the other hand, if resolution would be a prime requirement either a partial summation
or a bypass could be done of the beam-former. The individually sampled signals could
then be combined in a later step (e.g. in software), enabling techniques such as
synthetic aperture imaging for improved image quality or multi-line transmit/acquisition

for improved data-rate.

The electronic system can further comprise an envelope detection module. In
particular, the envelope detection module is configured to reduce the data rate towards
the digital parts of the electronic system, especially wherein the envelop detection
module is implemented in the hardware and hardware based. A hardware-based
beam-former in the receive chain can be combined with a hardware-based envelope
detection module to further reduce the overall data-rate. The data-rate can be
decreased by such an envelope detection module by eliminating the high frequency
carrier and only leaving the lower frequency envelope data, which carries information.

Envelope detection can be done through a combination of signal rectification (e.g. with
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a diode) and low pass filtering, through an 1Q-demodulator or any other conceivable

technique for signal demodulation.

The electronic system electronic system can further comprise an apodization module,
wherein the apodization module is configured such that a hardware based apodization
is performed before passing the signals into the beam-former. So, the beam-former in
the receive chain can be combined with a hardware based apodization. This allows to
provide signal apodization in a power efficient way and allows to improve resolution
and/or SNR.

In particular, the electronic system can be e.g. an electronic system and the electronic
system can be in general an electronic system as disclosed by WO 2019/162485 A1.
The further disclosed features can be added for example to the system as disclosed in
WO 2019/162485 A1.

Thus, the system advantageously requires less computational capacities and the

power consumption of the electronic system is reduced.

The invention is based on the idea that complexity and data throughput are reduced
by a hierarchical aggregation of sensing and/or actuating elements. On the other hand,

the electronic device’s operation is not be inhibited or only minimally impacted.

Further, there is a controller and the controller defines or is aware of the columns and
row, which are active for signal transmission and/or receiving, and the intersection of
active N and active M is defining a sub-array. This way, the addressing of the sensing
and/or actuating array elements can be done in a less complex way, as they will be
addressed in the groups of sensing and/or actuating array elements which are called

the sub-array.

The system may be configured to monitor physiological parameters such as cardiac
function over time. For example, such an electronic system can be embodied as
monitoring and/or actuating system with a plurality of sensors, such as electrodes,
ultrasound sensors, mini-cameras, light-emitting elements and the like. The electronic
system can be body worn in a patch type format. If the system is configured for cardiac

monitoring, which may for example comprise monitoring of cardiac activity and/or
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cardiac properties of a patient. Monitoring cardiac activity may comprise monitoring of

parameters such as cardiac rhythm and/or cardiac output.

The system has at least one electronic array, i.e., a device or unit comprising a plurality
of sensing and/or actuating elements . The electronic array can be embodied in a
structured arrangement in two dimensions. In other words, the electronic array can
have a two-dimensional structure like a two-dimensional array with a row-column
structure. The outline can be rectangular, round, oval or quadratic. Also a three-
dimensional array can be envisioned. In particular, the electronic array may have a
chip design. The electronic array may be for example embodied as transducer array
and the sensing and/ or actuating elements can be embodied as transducer array
elements. The transducer array elements are units, which may be used as an actuator
for generating an ultrasound pulse or signal. Alternatively or additionally, the
transducer array elements may also be used for receiving or detecting an ultrasound
pulse or signal. Instead of transducers, also electrodes or light emitting diodes or

cameras and the like may be used as sensing and/or actuating elements.

In order to reduce the complexity of the system, several sensing and/or actuating
elements may be combined into a functional unit and treated as a single ,element®,
I.e., the combined sensing and/or actuating elements are driven at that same time as

if they are a single unit.

The sensing and/or actuating elements in the electronic array can be connected in

series or parallel, such that they can be driven optimally.

In particular, the sensing and/or actuating elements may be configured such that they

are individually controllable.

In an embodiment of the system, the electronic array is flexible. Thus, the system can
advantageously adjust its geometry to a probe or sample surface, e.g., a patient’s
body. In particular, the sensing and/or actuating elements may be flexibly oriented

towards each other.

For example, the sensing and/ or actuating elements may be supported by a flexible
substrate such that they are arranged on a flat or curved plane. The substrate may,

e.g., comprise a polymer material.
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In an embodiment of the system, the sensing and/or actuating array is integrated into
an adhesive patch for fixing the sensing and/or actuating array to a patient’s body. The
system can then advantageously be easily used, e.g., for monitoring a patient’s body
functions, such as physiological parameters as neurological parameters, heart rate,
pulse, breathing, blood flow, fluid movement, especially for long-term monitoring. The

patch can be an adhesive patch.

The electronic array may be integrated into the patch by providing it with an adhesive
area, which is suited for attaching the patch to a patient’s body surface. Also, a textile
or other flexible material may be provided with an adhesive material and used to fix the
electronic array to the body surface. Alternatively a mechanical strap without adhesive
or a combination of strap and adhesive might be provided to fix the electronic array to
the body surface. In particular, the patch may be configured such that it secures the

electronic array in close proximity to the body surface.

Also, the electronic system comprises a control unit. The control unit may comprise
several components, which may be structurally integrated with each other, for example
in a common casing or envelope structure, or which may be implemented as

structurally separated components, which may be couple to each other.

The sensing and/or actuating elements are configured to generate and/or receive
signals, for example electrical signals, light signals, sound signals, ultrasound pulses
or signals, based on a control signal. To provide the respective control signals for the
electronic array, the control unit may comprise a send module and a receive module,
which may be implemented in a driver module for the electronic array and/or for

transistors, which may control the sensing and/or actuating elements.

The control unit may be configured to perform different tasks such as, but not limited
to, the following examples: The control unit may be configured to perform digital signal
processing and/or filtering. Also, the control unit may be configured to perform
operations related to storing and/or retrieving information, in particular in a memory
module, such as a random access memory (RAM) module. Also, the control unit may
be configured to perform operations for driving an external interface, such as an
interface to a memory module, a transceiver unit, e.g., via a USB interface or a wireless

interface, and/or receiving control signals from other units. The control unit may also
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perform operations for controlling the transducer array, e.g., through a switch linked to

a transducer array element, such a switch can be a transistor.

The control unit may consist of or comprise one or several microprocessors. The
control unit, in particular a microprocessor of the control unit, may be fully or partially

integrated into a printed circuit board (PCB).
The PCB might be rigid, flexible, stretchable or a hybrid combination thereof.

In an embodiment, the system further comprises a beam former module with a plurality
of transducer elements, where the transducers are the sensing and/or actuating
elements. Herein, the beam former module is configured to apply a time delay to at
least one electronic transducer array element or a plurality of sensing and/ or actuating
transducer array elements. This allows advantageously easy control for high-resolution

measurements, beam focusing and/or beam steering.

In particular, the time delay may be applied, when the electronic transducer array
element or the plurality of sensing and/ or actuating transducer array elements is used

for sending ultrasound pulses and/or receiving ultrasound signals.

The time delay for an electronic transducer array element or a plurality of sensing and/
or actuating transducer array elements may be defined relative to controlling other

transducer array elements.

Also, the beam former module and/or another unit of the system may be utilized to
determine the delay. In particular, the delay is determined for each electronic
transducer array element or for a plurality of sensing and/ or actuating transducer array

elements, to which the determined delay is to be applied.

In particular, the control unit may comprise an ASIC for implementing a beam former
control, and/or a design for a signal processing algorithm, e.g., for applying spatial
and/or temporal sparsity conditions for sending ultrasound pulses and/or for collecting
or providing data (related to the measurements performed by the ultrasound device
and the ultrasound pulses and signals). In particular, the beam former control can for
example comprise an electronic delay and sum circuit that can apply different delays
to a certain number of transducer array elements, for example 8 to 32, e.g. 14, 15, 16,

17 or 18 transducer array elements or functional units comprising several connected
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transducer array elements (e.g. 14, 15, 16, 17 or 18). It may sum the output of these
channels into one single output value. In particular, by applying specific delays to each
functional unit of transducer array elements, an ultrasound pulse may be generated in
a coordinated fashion such that a specific profile for the ultrasound beam is obtained.
Also, elements receiving ultrasound signals may be controlled by a beam former in a

coordinated way to provide targeted measurements inside a sample volume.

The data processing unit may be implemented in different ways. It may for example
comprise a microprocessor. In particular, it may comprise an ASIC design. Also, the
data processing unit and the control unit may be implemented as software modules
that are run, at least partially, on a common computational unit. For example, a
processing unit may read from a memory and execute instructions for performing

operations to implement the data processing unit and/or control unit.

Also, the data processing unit may comprise one or several analog-digital converters
(ADC) and/or digital-analog converters (DAC). These converters are configured to link
analog and digital channels to each other and allow both digital data collection and
treatment, and treating analog control and detection signals. A time gain controller may

be implemented using a DAC element and/or a different architecture.

The sub-array definition module may be implemented as software module, comprising
instructions for computational operations that implement the function of sub-array
definition . This software module may in particular be implemented as a module of the
control unit. Specifically, the sub-array definition module may be comprised, at least

partially, by the control unit and/or by the data processing unit.

The sub-array definition module implements functions to reduce data and sensor
complexity and/or quantity. Such functions may impact the generation and/or the
detection of signal beams, such as e.g. electrical pulses, magnetic field pulses, light
beams, ultrasound pulses and signals by the transducer array, or they may influence

the data acquisition and/or treatment.

The coupling between the electronic array and the control unit may comprise a wire
connection, in particular an interface for data and/or power transmission between the

electronic array and the control unit. In particular, the control unit and/or a part of the
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control unit may be arranged on the electronic array or may be integrated with the

electronic array into one common part.

In particular, there is a wire connection and/or a wireless interface provided, if the
control unit controls the electronic array. If a wireless electronic array is implemented,
the control unit may be arranged on the electronic array and/or integrated into one

component with the electronic array.

In particular, if the electronic array is connected to another element by a wire, at least
part of the controlling of the electronic array may be implemented on the electronic
array and/or integrated into one component with the electronic array. Also, an
additional control unit may be provided, e.g., in a separate PC or control unit, when

there is access through wires to the electronic array.

In an embodiment, the electronic system further comprises a power source unit for
providing energy to the electronic array and/or the control unit. The system can thus
be advantageously used in a very flexible manner, in particular when a portable power
source is provided. For example, the power source may comprise a battery, which is

integrated in a portable device as a component of the system.

Rather than operating the electronic array as a single whole and using each element
as an individual unit, a sub-array scanning architecture may be used, i.e., groups of
sensing and/or actuating elements are combined to functional units. In particular,

neighboring elements are combined.

In particular, a control algorithm may be provided for controlling each sub-array within
the electronic array. The control algorithm may control, for each sub-array, a location
of the sub-array within the plurality of sensing and/or actuating elements. Also, the
control algorithm may control, for each sub-array, a focus depth and/or a steering angle
for an signal sending beam profile and/or an signal receiving beam profile implemented
by the sub-array of sensing and/or actuating elements; such a beamforming algorithm
may be implemented as a software module for a programmable unit and/or by chip

design.

When individual sub-arrays are controlled as functional units for sending signal pulses

and/or receiving signals, the system may for example be configured to perform signal
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based measurements of a sample by using the sub-array as a unit cell for sending

and/or receiving signal pulses and/or receiving signals.

The sensing and/or actuating elements of a sub-array work as a combined “functional
unit”, collecting 1D depth data sets by controlling the sending of an signal pulse and

collecting reflected signals from a sample, e.g., from inside a patient’s body.

Also, the system may be configured to generate 3D spatial information from 1D data

sets collected by the electronic array, or one or more sub-arrays of the electronic array.

The system may be configured to determine a position for a sub-array within the
electronic array such that it is not hindered by impediments for signal beams, e.g., due
to obstacles. To collect data in order to generate, e.g., 3D spatial information, the
control unit may be configured to control, for each sub-array, the location of the sub-
array, as well as the focus depth and/or a steering angle for the sub-array depending

on a chosen region of interest, e.g., within a patient’s body.

In particular, the size and pitch of the sensing and/or actuating elements may be
adjusted to the wavelength, which is used for the ultrasound, i.e., the sound wave
length (lambda). Herein, the pitch denotes the spacing from the center of one
transducer array element to the neighboring sensing and/or actuating element. The
signals, as they are emitted from (or received by) these sensing and/or actuating

elements interfere differently for different pitch values.

For controlling a sub-array of sensing and/or actuating elements in order to perform
imaging, and, e.g., for measuring 3D spatial information, a positioning of the sub-array
position is determined and controlled within the plurality of sensing and/ or actuating
elements. This may be carried out by controlling a signal path between a switching
array, which is arranged to transmit control signals to the sensing and/or actuating
elements and/or to transmit reading signals from the sensing and/or actuating
elements, and the control unit of the system, which may be arranged on the periphery
of the sensor. The control unit, especially in combination with other elements or parts
of the overall system, and a respective driver module for the switches, may be
configured to selectively switch rows and/or columns of sensing and/or actuating
elements to define an active sub-array and a sub-array location in a larger matrix of

the system’s electronic array.
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The complexity of the system may be defined as a characteristic in different ways. In
particular, the complexity measures the number of individually driven functional units.
For example, the “complexity” of the system may refer to the total amount of channels,

which are used for generating signal pulses and/or for receiving signals.

The sub-array size is chosen and configured such that a suitable signal-to-noise ratio,
a specific beam profile and/or a required image quality can be achieved. For example,
when a certain sub-array size SA, where SA is the product of the number of rows “n”
and columns “m” (SA = n*m), is chosen, this may reduce the complexity of the system

significantly.

In an embodiment, the sub-array definition module is configured to define the plurality
of sub-arrays such that there is no overlap between the sensing and/or actuating
elements of separate sub-arrays. In other words, sensing and/or actuating elements
are not “shared” among different sub-arrays, i.e., attributed to several sub-arrays, but
only attributed to one or none of the sub-arrays. The electronic array can therefore

advantageously be controlled in a very simple and efficient manner.

In an embodiment, the system comprises at least two electronic arrays forming a least
one electronic array set; and the control unit is configured to control the electronic array
set as one single electronic array. By using an electronic array set for example several
positions can be monitored (e.g. needed for lung monitoring) by means of one system.
Further, a greater surface area can be monitored. Also, different viewpoints for
monitoring a target, which can be an organ, fluid carrying structure or other volumetric

feature in the body, e.g. the heart and/or lung and/or chest can be established.

Several electronic array’s may be combined in series and/or in parallel into a single
functional unit, i.e., a single electronic array set, which is driven as a single electronic

array of the electronic system.

Different architectures may be used to address sensing and/or actuating elements
individually or combined in functional units. In a row-column based architecture, for
example, sensing and/or actuating elements that are arranged in one dimension are
combined and treated as a functional unit. Such elements in one dimension may be
arranged along an essentially straight line. For example, instead of controlling the

single elements of an electronic array individually and/or collecting signals from all
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sensing and/or actuating elements, all elements along one axis may be combined into
a single input and/or output. For example, all elements of one row or column are
combined. Connecting a sensing and/or actuating element to a control element
configured as a switch, allows to selectively connect a sensing and/or actuating
element to the row or column, so that a sub-selection can be made of the active
sensing and/or actuating elements along a single row or column. The pulsers and
receivers for driving respectively reading the combined sensing and/or actuating
elements can each be connected to either the rows or columns of the array or a
combination thereof; leading to possible configurations in the read-out electronics

which we designate as row/row, column/column or row/column read-out schemes.

In an embodiment, the system is configured such that the electronic array is controlled
according to a row/column-based architecture. This allows advantageously to reduce
the data complexity greatly. The row/column architecture may be implemented by the
specific electronic array architecture, or it may be implemented by how the control unit
drives the electronic array, in which case the row or column configuration may be set

by the control unit.

In a row/column-based architecture, the sensing and/or actuating elements that are
arranged along the same row or column are connected together and addressed as a
single functional unit. This combination of single sensing and/or actuating elements
reduces the complexity from N*M (when each single sensing and/or actuating element
is controlled individually) to N+M, wherein N and M represents the number of rows and
columns present in the electronic array. Connecting a sensing and/or actuating
element to a control element configured as a switch, allows to selectively connect a
sensing and/or actuating element to the row or column, so that a subselection can be

made of the active sensing and/or actuating elements along a single row or column.

Herein, each row/column unit may still consist of multiple interconnect lines forming
the connections between external nodes and internal sensing and/or actuating
elements. Each interconnect line may herein carry a different signal, e.g., to provide a

signal line, a ground line or to provide a control signal for switching.

In particular, the elements of one row or column may be combined in different ways.

For example, data of these elements as sensors may be virtually combined into one
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channel by a suitable control by the control unit, or the row/column architecture may
be implemented by the design of the electronic array itself, e.g., by performing an
integration step directly on the sensing and/or actuating element level. A row/column

configuration may also be implemented by a suitable chip design.

In an embodiment, the system is configured such that a sub-array size is provided,
sub-arrays of the sub-array size are defined and the electronic array is controlled based
on the individual sub-arrays. The sub-arrays can therefore advantageously be defined

very precisely and adjusted to different conditions.

The value of sub-array size may be determined or given in different ways, for example
in a dynamic determination step, in which an optimum sub-array size is determined
depending on parameters like free computing capacity, signal-to-noise ratio or
accuracy values, geometric properties of an object or of the electronic array, or
calibration values, which may be determined or measured in a calibration step. In
particular, the sub-array size is determined beforehand through system studies.
Considerations may be, for example, the signal to noise ratio of the return signal and

the profile, including parameters such as beam spreading and focus beam width.

In an embodiment, the sensing and/or actuating elements of each sub-array are
configured to provide an analog sensor signal and the sensor signals of the sensing
and/or actuating elements of each sub-array are provided to one common analog-
digital converter (ADC). In particular, the individual signals of the transducer array
elements of one sub-array are combined first, before they are provided to the ADC.

This leads advantageously to a reduced complexity.

For example, there may be one ADC per row or per column in a row/column
architecture. The ADC may be comprised by the data processing unit or implemented
as separate units. By providing the detected signals of a sub-array of sensing and/or
actuating elements to one ADC, only one digital signal is produced and the amount of

data that is acquired is reduced.

The number of analog-digital converters that are needed by the system is reduced from
one per receive channel to one per sub-array, thus also reducing the amount of data
that is generated. Consequently, significant benefits in power consumption and data

rate may be reached.
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In an embodiment, the system is configured to filter data received from the electronic
array and to obtain filtered data with a reduced spatial and/or temporal resolution. This
leads advantageously to a reduced amount of data to be treated. The filtering may be

carried out by the data processing module and/or by other modules and units.

Different filter circuits and/or algorithms may be applied to reduce the amount of data
that needs to be provided by the system. For example, a sampling rate may be
adjusted by hardware and/or software measures such that measurements are only
carried out at the time points that are actually needed. Also, the spatial resolution of
measurements and scans may be adjusted to suitable values, e.g., depending on data
processing capabilities, power consumption requirements or quality requirements for

a subsequent data.

Also, the invention relates to a method for operating an electronic system. Herein, a
plurality of sub-arrays is defined within an electronic array. The individual sub-arrays

are controlled as functional units for sending signal pulses and/or receiving signals.

In particular, the method serves the purpose of operating the electronic system. Thus,

it has the same advantages as the electronic system of the invention.

Further details and advantages of the present invention shall now be disclosed in the

connection with the drawings.

It is shown in

Fig. 1 an embodiment of the electronic system;

Fig. 2A-D detailed views of the electronic array of the embodiment of the electronic

system;
Fig. 3 the embodiment of the electronic system as shown in Fig. 1;
Fig. 4 an embodiment of a method to operate the electronic system;
Fig. 5 schematic representation of a possible embodiment of the volume

reconstruction procedure performed by the electronic system according
to Fig. 1;

Fig. 6 a flowchart of a possible embodiments of beamforming with a beam
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former module of an electronic system according to the present invention

in form of a send beam-former;

a schematic representation of a possible embodiment of the

beamforming according to Fig. 7;

a representation of steered beams created by the beam former module
of Fig. 7;

a flowchart of a possible embodiments of beamforming with a beam
former module of an electronic system according to the present invention

in form of a receive beam-former;

a schematic representation of a possible embodiment of the

beamforming according to Fig. 9;

a schematic representation of a possible embodiment of the

beamforming according to Fig. 9 with an envelope detection module;

a schematic representation of a possible embodiment of the

beamforming according to Fig. 9 with an apodization module;

a possible embodiment of passing signals between beam former
modules of an electronic system according to the present invention with

periphery circuitry;

a possible embodiment of passing signals between beam former
modules of an electronic system according to the present invention

without periphery circuitry;

a possible embodiment of passing signals between beam former
modules of an electronic system according to the present invention, here
between different ICs (ASICs), wherein the channel select module as part
of the subarray definition module is partially implemented in the ICs
(ASICs);Fig. 16 a possible embodiment of passing signals between
beam former modules of an electronic system according to the present
invention, here between different ICs (ASICs), wherein the channel select

module as part of the subarray definition module is implemented in the
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periphery of the electronic array;
Fig. 17 a possible embodiment of interleaving channels;

Fig. 18 a flowchart for operating a possible embodiment of a dual stage beam

former module; and
Fig. 19 a possible embodiment of a two-stage beam former module.

Fig. 1 and Fig. 2A to Fig. 2C show an embodiment of the electronic system for

monitoring of physiological parameters.

Fig. 1 shows a schematical overview and explaining the functional blocks of the

electronic system 1.

The electronic system 1 according to the embodiment is configured as a wearable
electronic system 1, in particular for long-term monitoring of a patient’s physiological

parameters.

In particular, the electronic system can be in general an electronic system as disclosed
by WO 2019/162485 A1. The below additional features can be further realized in this
already disclosed electronic system of WO 2019/162485 A1.

In the embodiment as shown in Fig. 1, the electronic system is (at least partially)

carried in a patch 2.

The electronic system 1 comprises an electronic array 3.

The electronic array 3 comprises a plurality of sensing and/ or actuating elements 3a.
A subset of the sensing and/or actuating elements 3a forms a sub-array 4.

In particular, each sensing and/ or actuating element 3a can consist of one or several
sub-elements 3b, which are driven as a single larger sensing and/or actuating

,element” 3a.

Other configurations with different numbers of sub-elements 3b or a different

arrangement of the sub-elements 3b are possible as well.
Furthermore, there is a switch array or switch module 5.

A further part of the electronic system 1 is the Analog Front-End 10 with the Switch

Driver 6, the Receiver 7 and the Pulser 8.
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The Receiver 7 can be embodied as analog-digital converter (ADC).

The Pulser 8 can be a pulser module.

There can be a digital application-specific integrated circuit 9.

Further, there is an interface module 11 and an external unit 12/back-end unit 12.

A electronic array 21, which comprises a sensor array (e.g., like the electronic array 3
described above) and a switch array, is coupled with a unit implementing a switch

driver 23, a receiver 24 and a pulser unit 25.

These units are configured to communicate via analog signals 22 with the electronic

array 21.

In the embodiment, they are implemented in application-specific integrated circuits.
Such circuits can be located on the periphery of the sensor or on the Analog Front-End
10.

Also, they are used to receive and treat the signals, and communicate with a signal
processing/control unit 26, which is implemented in an embedded computer system,
e.g. on the Analog Front-End 10 with CPU, FPGA with memory or other units, these
control and signal processing algorithms might also be implemented partly or

completely in an application-specific integrated circuit.

Further processing of provided data is performed by a control module 27, incorporating
for example sensor signal reconstruction algorithms, data analysis, visualization and

control algorithms.

Furthermore, Fig. 2C shows another embodiment, wherein two or more electronic
arrays 3 can form an electronic array set 3¢, which is then controlled as one functional

unit, i.e. “virtual” single electronic array.

In the embodiment of Fig. 2C, a first and a second electronic array 3 are comprised by
one electronic array set 3c. In this embodiment, the electronic array set 3c is controlled

as “virtually” one single electronic array 3.

Also, Fig. 2C shows that the electronic array 3 comprises a plurality of sensing and/ or
actuating elements 3a, which are arranged in a matrix with a number of N rows and M

columns.
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Furthermore, Fig. 2C shows that a subset of the sensing and/ or actuating elements
3a make up a sub-array 4, which is herein controlled as one unit. The sub-array 4 has

a number of n rows and m columns.

Fig. 2C also shows that elements 3a along a row and/or a column of the electronic
array 3 are interconnected with one or more interconnecting lines, a so-called
row/column-based architecture. The elements 3a connect in parallel to the
interconnects, with a switch, determining if an element 3a is connected or not and to
which signal path it connects. Thus, rows and/or columns of the electronic array 3 can
be controlled together. This allows simplifying the system by switching rows and/or

columns of elements 3a together.

The electronic array 3 of the embodiment is flexible. Here, the sensing and/or actuating
elements elements 3a are arranged on a flexible substrate, e.g., comprising a flexible

polymer material.

Furthermore, the electronic system 1 comprises a switch array which can be embodied

as a transistor array 5, comprising a plurality of transistor elements.

The switch array 5 is arranged such that its switch elements (control corresponding

sensing and/ or actuating elements 3a.

In the present embodiment, a switch array 5 with 150 * 150 transistor elements is used,
which are arranged in a 2D matrix with perpendicular rows and columns. The array
size depends in particular on the size of the respective electronic array 3, and it may

differ in different embodiments.

In particular, the transistor array 5 can be arranged on the same substrate as the

electronic array 3.

In particular, “Heterogeneous Integration (HI)” may refer to the assembly and
packaging of multiple separately manufactured components onto a single chip in order
to improve functionality and enhance operating characteristics. In the present
embodiment, one single array is created with a single functionality (sensing), implying

a monolithic device.

In particular, attention is drawn to Fig. 2C, wherein an example of a row/column

architecture is demonstrated.
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In the embodiment, both the electronic array 3 and the transistor array 5 are integrated

into an adhesive patch 2.

In the embodiment, the adhesive patch 2 has a size of about 10x10 cm. The size may

vary in different embodiments.

The adhesive patch 2 comprises a material that is suitable for the purpose of attaching
the electronic system 1 and in particular the electronic array 3 to a patient’s skin.
Therefore, biocompatible and breathable materials are used. The adhesive layer on
the patch is used to attach the patch to the body and to make sure that the position of

the electronic array 3 is essentially constant with respect to the patient’s skin.

The system 1 also comprises a functional block for the analog control of the electronics,

a so called Analog Front-End.

The Analog Front-End 10 is coupled with the electronic array 3 and the transistor array
5 for providing options such as control and read-out for the electronic array 3 and/or
the transistor array 5. To this end, both data and electrical power may be transferred
over the coupling between the Analog Front-End 10 and the patch 2 with electronic

array 3 and Transistor array 5.

Here, a transistor driver module 6 is provided on the Analog Front End 10, which is
configured to provide a low-level interface to control and manage the Transistor array

5 and its individual transistor elements, respectively.

Also, a receiver 7 is provided as part of the analog-front end 10, which is configured to

convert an analog input signal to a digital output signal.

Also, a pulser module 8 is provided as part of the analog front end 10, which is
configured to control the electronic array 3 such that signal pulses are generated. In
particular, a beam-forming is performed here. Delay values may be set individually for
each pulser unit of the system 1 that generates an signal pulse. The delays on the
different channels, in particular each sensing and/ or actuating element 3a, of the

pulser unit will determine the focusing and the beam profile.

Also, a digital middle-end is provided , which is configured to perform part of the control
operations for the electronic system 1, and specifically to control the activity of the

electronic array 3 and the transistor array 5 for generating signal pulses and detecting
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signals. The digital middle-end is also configured to perform signal processing on the

signals received from the analog front-end.

As part of the digital middle end, microprocessors may be provided and/or other units
for performing operations for controlling the electronic system 1 and its electronic

components.

Thus, the electronic system 1 of the embodiment provides an easily customized sensor

and monitoring device.

The interface module provides the possibility to build up a connection based on a wire
connection and/or a wireless connection. In the present embodiment, examples for
connection methods include USB and Ethernet as well as via Bluetooth and WiFi

networks.

The interface module is here configured to allow for data communication and/or power

connections with external units.

In the embodiment, the PCB with its components and the transistor array 5 constitute
an integrated control unit and data processing unit. PCB and transistor array 5, and
the electronic array 3, may in different embodiments, be configured as units that are

formed separately or they may be incorporated in a common unit.

The system 1 is configured to monitor physiological parameters such as cardiac
function over time. For example, such an electronic system 1 can be embodied as
monitoring and/or actuating system with a plurality of sensors, such as electrodes,
ultrasound sensors, mini-cameras, light-emitting elements and the like. The electronic
system 1 can be body worn in a patch type format. If the system 1 is configured for
cardiac monitoring, which may for example comprise monitoring of cardiac activity
and/or cardiac properties of a patient. Monitoring cardiac activity may comprise

monitoring of parameters such as cardiac rhythm and/or cardiac output.

Turning to Fig. 2A, a detailed view of the electronic array 3 of the embodiment of the

electronic system 1 is described.

The electronic array 3 has a matrix of sensing and/ or actuating elements 3a, which

are only schematically shown in a small number.



10

15

20

25

30

WO 2023/144080 PCT/EP2023/051533

-25.

The system 1 is configured such that a sub-array 4 of sensing and/ or actuating
elements 3a may be defined. The elements 3a of a sub-array 4 are treated as one

functional unit for generating signal pulses and/or detecting signals.

In the embodiment, an control circuit performs steps for defining sub-arrays 4 within
the electronic array 3. The definition of sub-arrays 4 may be carried out in different
ways, e.g., by way of the chip design or by other units controlling the electronic array
3.

In the present embodiment, the electronic array 3 has between N=75-200 rows and
M=75-200 columns, which are ordered in a two-dimensional matrix. On the other hand,
a sub-array size value of 4 to 32 rows by 4 to 32 columns is defined. Thus, groups of
162 elements 3a are grouped into one sub-array 4. This leads to a considerable
reduction in system complexity and data volume, respectively. This aspect is further

described below with reference to Fig. 4.

Herein, the interrelated elements 3a are chose such that they are neighboring to each

other.

In further embodiments, this definition of sub-arrays 4 may be configured in different
ways, such as, in a configuration step, by inputting a predetermined sub-array size
value, which defines the number of sensing and/ or actuating elements 3a to be
included in a sub-array 4, and/or by inputting a location of a sub-array 4 within the
electronic array 3. Also, the form of a sub-array 4, i.e., its dimensions size, may be

determined by an input value.

In one embodiment, the sub-array size may be defined during the system
development. In the products itself, the sub-array size can be fixed, without an option

to dynamically reconfigure this value; in this case, a fixed size would be used.

Said values to control how sub-arrays 4 are defined may also be determined by the
digital Middle End and/or digital back-end, part of this functionality might be
implemented in an ASIC or another control element of the electronic system 1, or by
an input over the interface module, in particular depending on an algorithm. Such an
algorithm for determining parameters for defining the sub-arrays 4 may use input

values such as data/image quality requirements, a signal-to-noise ratio, information
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about factors interfering with the operation of the system, user input and configuration

information, and/or other parameters.

Turning to Fig. 2D, an embodiment for implementing a row/column based micro

hardware beam-former is schematically described.

A sub-array 4 has a number of n row and m columns, and is connected to a micro
hardware beam-former 30. In this specific case, the n rows of transducer array
elements 3a are combined into one output channel 31 each. These output channels

are named “Ch1” to “Chn”.

For the transducer array element 3a of the sub-array 4, the micro hardware beam-
former 30 combines the n analog input channels 31 from the sub-array 4 into one single

digital output channel 35.

To this end, a delay operation is performed by delay units 32 and a sum unit 32 is
subsequently used to coherently add the n analog inputs together. An analog-digital
converter 34 is used to convert the resulting analog signal to a digital signal, which is

output through a digital output channel 35.

In further embodiments, each channel 31 can do some analog processing of the input

signals before its signal is combined in the analog beam-former 30.

In Fig. 3, a schematic view of another embodiment is shown. The shown components
may also be present in the embodiments described above; similar or equivalent

elements have the same reference numerals and are not described again in detail.

Some or all of the elements and modules shown in Fig. 3 may be implemented in
different units, such as separately formed devices, or they may be implemented by
way of program modules within the same computational unit and/or a digital memory

device.

The combination of elements and modules of this embodiment is to be understood as
exemplary, and as comprising a large number of optional features, which are not

necessarily linked to each other or to be combined in one embodiment of the invention.

In Fig. 3, the electronic array 3 is shown, which is linked to a control unit 40 (controlling

the electronic array 3), which may be configured at least partially on a PCB 10.
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The connection between the electronic array 3 and the control unit 40 is a direct and
cable-bound connection. However, in an alternative embodiment, an indirect and/or

wireless connection is possible.

For instance, the control unit 40 can be attached to the patch 2 (possible for wireless
patches and wired patches). Further, there can be an additional control unit in a

separate computer, in particular for the wired version.

The electronic array 3, configured for providing signals (or signal pulses) and/or
receiving ultrasound signals, comprises a plurality of sensing and/or actuating

elements 3a.

The control unit 40 comprises the transistor array 5, which was already described

above.

The control unit 40 further comprises a dedicated data processing unit 41, which may
in different embodiments comprise some of the other modules (as specified below with
reference numerals 41 to 49) or which may in different embodiments be implemented
by several individual modules. The data processing unit 41 receives and processes

data from the electronic array 3.
Moreover, the control unit 40 comprises a reference module 45.
Also, the control unit 40 comprises a sub-array definition module 42.

Combining of groups of sensing and/ or actuating elements 3a into a sub-array 4 can

alternatively be done by the sub-array definition module 42.

Also, the sub-array definition module 42 may be implemented as a software module,
comprising instructions for computational operations that implement the function of
sub-array definition. Such a software module may in particular be implemented

together with the control unit 40.

Specifically, the sub-array definition module 42 may be structural and/or functional or
integrated as integral part, at least partially, by the control unit 40 and/or by the data

processing unit 41.

As shown in Fig. 3, the electronic system 1, in particular for cardiac monitoring,

comprises an electronic array 3 with a plurality of sensing and/ or actuating elements
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3a, a control unit 40, which is coupled to the electronic array 3, for controlling the
electronic array 3, and a data processing unit 41 for receiving data from the electronic
array 3 and processing the received data. Therein, the electronic system 1 further
comprises a sub-array definition module 42, which is configured to define at least one
sub-array 4 of sensing and/or actuating elements 3a and to control the at least one
sub-array 4 as a functional unit for sending at least one signal pulse and/or receiving

at least one signal.

In Fig. 4, a method for operating the electronic system 1 is described. The following
description is based on the embodiment of the electronic system 1 described above
with reference to, e.g., Fig. 3, but other embodiments of the electronic system 1 may

be suited as well.

In this context, “sub-array definition” denotes a reduction of the amount of read and/or
write channels needed to address the sensors, in particular the sensing and/ or

actuating elements 3a or a sub-array 4.

This can be reached by connecting elements together in a row/column architecture,

leading to a sub-array definition from N*M to (N+M) (cf. Fig. 2B);

c) driving a sub-array 4 instead of the full electronic array 3 at once, leading to a sub-

array definition from (N+M) to (n+m); and/or

d) using a hardware beam-former to combine the n (or m) analog input channels 31 of

a sub-array 4 into a single digital input channel 35 (cf. Fig. 2C).

In a step 51, a plurality of sub-arrays 4 is defined within the electronic array 3. In a
subsequent step 52, the individual sub-arrays 4 are controlled as functional units for

sending signal pulses and/or receiving signals.

In the system of the embodiment, the steps 51, 52 are performed by the sub-array
definition module 42, which is comprised by the control unit 40 of the electronic system
1. Herein, the sub-array definition module 42 is configured to control other units and
modules, especially the transistor driver module 6, the receiver module 7, and/or the

pulser module 8, depending on whether a send or a receive cycle is active.

The steps 51, 52 may be performed in a cyclic manner, i.e., they may be repeated for

example at given intervals or triggered by predefined events and/or control signals.
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In one embodiment, the system is configured such that the sub-array 4 is defined

dynamically and may change its position.

In the present embodiment, the sub-arrays 4 are defined such that there is no overlap
between the sensing and/ or actuating elements 3a of separate sub-arrays 4, i.e., no

sensing and/ or actuating elements 3a are “shared” among different sub-arrays 4.

In another embodiment, an electronic array set 3c comprises at least two electronic
arrays 3 and the control unit 40 is configured to control the electronic arrays 3 as one

functional unit.

Also, in an embodiment, the electronic array 3 may be controlled according to a

row/column-based architecture.

Furthermore, a sub-array size may be predetermined or provided or determined by an
algorithm, and sub-arrays 4 of the sub-array size are defined based on this value. The

electronic array 3 is then operated based on these individual sub-arrays 4.

Also, the sensing and/ or actuating elements 3a are controlled by the control unit 40,
in particular via the transistor array 5. The sensing and/ or actuating elements 3a of
each sub-array 4 detect an analog ultrasound sensor signal, and produce an analog

signal. This analog signal is provided to the receiver module 7.

In particular, analog signals from the electronic array elements 3b of one sub-array 4
are processed by one common receiver module of the system 1. In further
embodiments, different receiver modules 7 may be provided, e.g., in order to speed up

data acquisition and processing.

Furthermore, a micro beam-forming architecture can be implemented by a hardware
beam former module 43, such as a specialized control circuit element and/or another

element of the control unit of the system 1.

Also, data may be filtered after it has been received from the electronic array 3. This
may be carried out by a filter module 44, which may act on analog and/or digital signals.
Depending on which filter is applied, filtered data is obtained with a reduced spatial

and/or temporal resolution.
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Further, the beam former module 43 is configured to apply a time delay to at least one
of the sensing and/or actuating elements or a plurality of the sensing and/or actuating
elements (cf. e.g. Fig. 6 with step 100 “generate electrical pulse-trains with different

time-offsets for each channel and Fig. 7 with the delayed pulses).

The electronic system 1 further comprises a sub-array definition module 42, which is

configured to define at least one sub-array 4 of sensing and/or actuating elements 3a.

The electronic system 1 is configured such that signals can be handed over between
different beamformer modules, and further configured such that the sub-array definition
module 42 is configured such that the at least one subarray 4 can be positioned at any

arbitrary location in the larger electronic array 3 of the electronic system 1.

The electronic system 1 can be also embodied such that at least two beam former
modules are provided and the electronic system 1 is further configured such that a
partial beam-forming is done in separate beam former modules before combining the

signal in a second stage beam-former.

Also, the electronic system 1 comprises an envelope detection module (cf. also Fig.
11), wherein the envelop detection module is configured to reduce the data rate
towards the digital parts of the electronic system 1, especially wherein the envelop

detection module is implemented in the hardware and hardware-based.

It is possible that the electronic system 1 further comprises an apodization module (cf.
Fig. 12), wherein the apodization module is configured such that a hardware based

apodization is performed before passing the signals into the beam-former.

The beam former module 43 is configured to drive the rows and columns of an

electronic array
Further, the beam former module is implemented in at least one integrated circuit.

In another embodiment, a filter can be configured by adjusting filter properties. Thus,
fiters may be activated and deactivated, the impact of a filter on the data may be
adjusted and/or a resolution of the filtered data may be adapted, e.g., to the needs for
monitoring specific organs and functions, imaging purposes, or device-specific
properties. Fig. 6 shows a flowchart of a possible embodiment of beamforming with a

beam former module 43 of an electronic system 1 according to the present invention
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in form of a send beam-former.

In a first possible step, i.e. step 100 the beam former module 43 generates electrical

pulse-trains with different time-offsets for each channel.
In a second step, i.e. step 102 the signals are connected into the electronic array.

In a third step, i.e. step 104 the electrical signals are converted into physical waves
through e.g. a transducer (in the embodiment with ultrasound, i.e. when a sensing

and/or actuating element is embodied as (ultrasound) transducer).

In a fourth step, i.e. step 106 the interference of physical waves from different channels

creates a directed beam.

Fig. 7 shows a schematic representation of a possible embodiment of the beamforming
according to Fig. 6. The shown embodiment of the electronic system 1 with the beam
former module 43 is configured and arranged to perform the method as shown and

described in connection with Fig. 6.

Several pulse generators, i.e. the pulser modules 8, are provided with a controllable

time offset.

The pulser modules 8 can generate pulses, here depicted as pulses P1, P2, P3, P4,
P5 and P6.

The pulser modules 8 are connected to the channel select module 42a as part of the

sub-array definition module 42.

There are six pulser modules 8. Other numbers of pulser modules are possible. There
could be also e.g. any other number from 1 to 100, preferably in the range of 1 to 20,

e.g. 16 pulser modules (meaning that there are 16 channels).

Further, there is a column select module 42b as a part of the sub-array definition

module 42.

Also, the electronic array 3 is shown, here consisting of a plurality of ultrasound
transducers 3a as sensing and/or actuating elements 3a. Further, there is a column
bus 3d and a row-bus 3e. The bus represents a collection of at least one electrical

interconnect line.

The selected columns 3f and the selected rows 3g define the subarray 4 of transducers
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3a.

So, the plurality of sensing and/or actuating elements 3a are controlled by the beam
former module 43, in such a way that the sensing and/or actuating elements generate
ultrasound beam as shown in Fig. 8A or Fig. 8B. A beam of signals sent out by the
sensing and/or actuating elements 3a can be such that signals are only sent out by
specific sensing and/or actuating elements, i.e. a selected number of sensing and/or
actuating elements out of the whole number of sensing and/or actuating elements, here

the subarray 4 of sensing and/or actuating elements 3a.

In particular, the beam former module 43 is configured to apply a time delay to at least
one of the sensing and/or actuating elements 3a or a plurality of the sensing and/or

actuating elements 3a, as can be seen in the pulses P1, P2, P3, P4, P5 and P6.

This allows advantageously easy control for high-resolution measurements and/or

beam focusing and/or beam steering.

In particular, the time delay may be applied, when the plurality of sensing and/ or

actuating elements 3a are used for sending ultrasound pulses P1, P2, P3, P4, P5, P6.

The time delay for an electronic array element or a plurality of sensing and/ or actuating

elements may be defined relative to controlling other transducer array elements.

Also, the beam former module 43 and/or another unit of the system may be utilized to
determine the delay. In particular, the delay is determined for each electronic array
element or for a plurality of sensing and/ or actuating elements 3a, to which the

determined delay is to be applied.

In particular, the beam former module 43 is configured to apply a time delay to at least
one of the sensing and/or actuating elements 3a or a plurality of the sensing and/or

actuating elements 3a.

This allows advantageously easy control for high-resolution measurements, beam

focusing and/or beam steering.

Fig. 8A and Fig. 8b show a representation of steered beams created by the beam

former module of Fig. 7.

Fig. 8A shows a beam B1, which is propagating straight from its source.
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Fig. 8B shows a beam B2, which is propagating with an angle from its source.

Fig. 9 a flowchart of a possible embodiments of beamforming with a beam former
module 43 of an electronic system 1 according to the present invention in form of a

receive beam-former.

In a first possible step, i.e. step 200 the electrical signals are converted into physical
waves through e.g. a transducer (in the embodiment with ultrasound, i.e. when a

sensing and/or actuating element is embodied as (ultrasound) transducer).

In a second step, i.e. step 202 the electrical signals from the electronic array 3 are
connected to the receive beam former (i.e. beam former module 43 with receive beam

former functionality).

In a third step, i.e. step 204 a different time delay to each channel is applied by means
of the delay elements 32, going into the beam former module. Here, the delay pattern

determines the “listening direction”.

In a fourth step, i.e. step 206 the inputs of the different channels are coherently

summed (up) into a single output in the sum module 44.

Fig. 10 shows a schematic representation of a possible embodiment of the
beamforming according to Fig. 9 with a receive beam former module 43. Similar or

identical components as shown in Fig. 7 are denoted with the same reference number.

The shown embodiment of the electronic system 1 with the beam former module 43 is
configured and arranged to perform the method as shown and described in connection
with Fig. 9.

Step 204 is performed with the delay elements 32.
Step 206 is performed with the sum module 44.

Fig. 11 shows a schematic representation of a possible embodiment of the
beamforming according to Fig. 9 with a receive beam former module 43, which is
equipped with an envelope detection module 45. Similar or identical components as

shown in Fig. 7 are denoted with the same reference number.

The shown embodiment of the electronic system 1 with the beam former module 43 is

configured and arranged to perform the method as shown and described in connection
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with Fig. 9.

A hardware-based beam-former 43 in the receive chain as shown in Fig. 11 is
combined with a hardware-based envelope detection module 45 to further reduce the
overall data-rate. The data-rate can be decreased by such an envelope detection
module by eliminating the high frequency carrier and only leaving the lower frequency
envelope data, which carries information. Envelope detection can be done through a
combination of signal rectification (e.g. with a diode) and low pass filtering, through an

IQ-demodulator or any other conceivable technique for signal demodulation.

Fig. 12 shows a schematic representation of a possible embodiment of the
beamforming according to Fig. 9 and Fig. 10 of the electronic system 1 with a receive
beam former module 43, which is equipped with an apodization module 46. Similar or

identical components as shown in Fig. 7 are denoted with the same reference number.
It can also be equipped with an envelope detection module 45 (not shown).

The shown embodiment of the electronic system 1 with the beam former module 43 is
configured and arranged to perform the method as shown and described in connection
with Fig. 9 or Fig. 10 or Fig. 11.

As shown, the electronic system 1 comprises an apodization module 46, wherein the
apodization module 46 is configured such that a hardware based apodization is

performed before passing the signals into the beam-former 43.

Fig. 13 shows a possible embodiment of passing signals between beam former
modules 43 of an electronic system 1 according to the present invention with periphery

circuitries 47.

The electronic array 3 with the sensing and/or actuating elements 3a is connected with

two periphery circuitries 47, located along the edges of the rows and columns.

As can be further seen, one periphery circuitry 47 is connected to two integrated
circuits (ICs) 9.

The integrated circuits 9 are connected with a signal bus 48.

The signal bus 48 is configured to pass signals between beam former modules 43 in
different ICs 9.
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Signals are passed between the ICs 9 either before beamforming or after
beamforming. If the signals are passed before beamforming, then the signals are
passed over different domains to allow smooth positioning of the subarrays. If the
signals are passed after the beamforming, then partially beamformed signals are sent

to a second stage beam former module.

Fig. 14 shows a possible embodiment of passing signals between beam former
modules 43 of an electronic system 1 according to the present invention without a

periphery circuitry 47 (as shown in the embodiment of Fig. 13).

The electronic array 3 with the sensing and/or actuating elements 3a is connected with

two ICs 9 directly, i.e. without periphery circuitries 47 in between.
The integrated circuits 9 are connected with a signal bus 48.

The signal bus 48 is configured to pass signals between beam former modules 43 in
different ICs 9.

Signals are passed between the ICs 9 either before beamforming or after
beamforming. If the signals are passed before beamforming, then the signals are
passed over different domains to allow smooth positioning of the subarrays. If the
signals are passed after the beamforming, then partially beamformed signals are sent

to a second stage beam former module.

Fig. 15 shows a possible embodiment of passing signals between beam former
modules 43 of an electronic system 1 according to the present invention, here between
different ICs (ASICs) 9, wherein the channel select module 42a as part of the subarray
definition module is partially implemented in the ICs (ASICs) 9. This embodiment can
be implemented in any of the above described embodiments as shown and described
in Fig. 6 to Fig. 14.

Passing of signals between different ICs 9 (ASICs 9) is performed as follows:

Output signals from the electronic array 3 are shared between different IC’s 9 to allow

smooth positioning of the sub-array position over the boundary.

In this implementation the channel select module 42a (part of the subarray definition

module) is partially implemented in the IC’s (ASIC) 9.
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Fig. 16 shows a possible embodiment of passing signals between beam former
modules 43 of an electronic system 1 according to the present invention, here between
different ICs (ASICs) 9, wherein the channel select module 42a as part of the subarray
definition module is implemented in the periphery of the electronic array 3. This
embodiment can be implemented in any of the above described embodiments as

shown and described in Fig. 6 to Fig. 14.

Fig. 17 shows a possible embodiment of interleaving channels in the beam former

module 43 of the electronic system 1.

Interleaving the channels allows to always connect three subsequent electronic array

outputs to all N (3 in this example) AFE/beam-forming channels.

Fig. 18 shows a flow chart of a possible embodiment and way of operation of a dual

stage beam former module.

In a first possible step, i.e. step 300 the electrical system converts physical waves into

electrical signals through a transducer.

In a second step, i.e. step 302 the signals are connected from the electronic array to

two different beam former modules 43.

In a third step, i.e. step 304 a partial beam-forming of N signals is performed in a first
beam former module 43 (1%t beam former module) and a partial beam-forming of M

signals is performed in a second beam former module 43 (2" beam former module).

In a fourth step, i.e. step 306 the outputs of the first beam former module 43 (15t beam
former module) and the second beam former module 43 (2" beam former module) are

connected to the inputs of a second stage beam former module 43.

In a fifth step, i.e. step 308 in the second stage beam former module 43 the partially

beam-formed signals are combined into a fully beam-formed signal.

Fig. 19 shows a possible embodiment of a two-stage beam former module. The shown
embodiment of the electronic system 1 with the beam former modules 43 is configured
and arranged to perform the method as shown and described in connection with Fig.
18.
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Reference numerals

electronic system

adhesive patch

electronic array

sensing and/or actuating elements
sub-element;

electronic array set

column-bus (one or more signal lines)
row-bus (one or more signal lines)
selected columns

selected rows

sub-array

transistor array

transistor driver module
analog-digital converter (ADC)

pulser module

digital application-specific integrated circuit (control circuit)

Analog Front-End

interface module

external unit; back-end unit
electronic array

analog signals

switch driver unit

receiver unit
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41

42

42a

42b

43

44

45

46

47

48

51

52

71

72

73
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pulser unit

signal processing; control unit
control module

micro beam-former

analog output channel

delay unit

sum unit

analog-digital converter (ADC)
digital output channel

control unit

data processing unit

sub-array definition module

PCT/EP2023/051533

channel select module (part of the sub-array definition module)

column select module (part of the sub-array definition module)

beam former module

sum module

envelope detection module
apodization module
periphery circuitry

signal bus

step

step

step

step

step
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81

82

83

84

91

92

93

100

102

104

106

200

202

204

206

300

302

304

306

308

step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step
step

step
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Ch1
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Ch3
Ch4
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Ché
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number of rows
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pulse
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pulse
pulse

pulse

channel
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-40 -

PCT/EP2023/051533



10

15

20

25

WO 2023/144080 PCT/EP2023/051533

41 -

Claims

An electronic system (1) comprising:

- an electronic array (3) of a plurality of sensing and/or actuating elements
(3a);

- a control unit (40), which is coupled to the electronic array (3), for

controlling the electronic array (3); and

- a data processing unit (41) for receiving data from the electronic array (3)

and processing the received data;

wherein the electronic system (1) further comprises at least one beam former
module (43); wherein the beam former module (43) is configured for addressing

the plurality of sensing and/or actuating elements (3a) for forming a beam.

The electronic system (1) according to claim 1,
characterized in that

the beam former module (43) is configured to apply a time delay to at least one
of the sensing and/or actuating elements (3a) or a plurality of the sensing and/or

actuating elements (3a).

The electronic system (1) according to claim 1 or claim 2,
characterized in that

further comprises a sub-array definition module (42), which is configured to

define at least one sub-array (4) of sensing and/or actuating elements (3a).

The electronic system (1) according to claim 3 characterized in that the sub-

array definition module contains a channel select module (42a).
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The electronic system (1) according to claim 3,
characterized in that

the electronic system (1) is configured such that signals can be handed over
between different beam former modules (43), and further configured such that
the sub-array definition module (42) is configured such that the at least one
subarray (4) can be positioned at any arbitrary location in the larger electronic

array (3) of the electronic system (1).

The electronic system (1) according to one of the preceding claims,
characterized in that

at least two beam former modules (43) are provided and the electronic system
(1) is further configured such that a partial beam-forming is done in separate
beam former modules (43) before combining the signal in a second stage beam-
former (43).

The electronic system (1) according to one of the preceding claims,
characterized in that

the electronic system (1) further comprises an envelope detection module,
wherein the envelope detection module (45) is configured to reduce the data
rate towards the digital parts of the electronic system (1), especially wherein the
envelope detection module (45) is implemented in the hardware and hardware-

based.

The electronic system (1) according to one of the preceding claims,
characterized in that

the electronic system (1) further comprises an apodization module (46), wherein
the apodization module (46) is configured such that a hardware based

apodization is performed before passing the signals into the beam-former.
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The electronic system (1) according to one of claims 3 to 7,
characterized in that

the sub-array definition module (42) is configured to control the at least one sub-
array (4) as a functional unit for sending at least one actuation signal and/or

receiving at least one sensing signal.

The electronic system (1) according to one of the preceding claims,
characterized in that

the sub-array definition module (42) is configured to define the plurality of sub-
arrays (4) such that there is no overlap between the sensing and/or actuating

elements (3a) of separate sub-arrays (4).

The electronic system (1) according to one of the preceding claims,
characterized in that

the electronic system (1) comprises at least two sensing and/or actuating arrays
(3), forming a least one sensing and/or actuating array set; and the control unit
(40) is configured to control the sensing and/or actuating array set as one single

sensing and/or actuating array (3).

The electronic system (1) according to one of the preceding claims,
characterized in that

the electronic system (1) is configured such that the sensing and/or actuating

array (3) is controlled according to a row/column based architecture.

The electronic system (1) according to one of the preceding claims,

characterized in that
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the electronic system (1) is configured such that a sub-array size is provided;
sub-arrays (4) of the sub-array size are defined; and the sensing and/or

actuating array (3) is controlled based on the individual sub-arrays (4).

The electronic system (1) according to one of the preceding claims,
characterized in that

the sensing and/or actuating elements (3a) of each sub-array (4) are configured
to provide an analog sensor signal; and the sensor signals of the sensing and/or
actuating elements (3a) of each sub-array (4) are provided to one common

analog-digital converter (7, 34).

The electronic system (1) according to one of the preceding claims,
characterized in that

a beamforming architecture is implemented by a hardware beamforming

module.

A method for operating an electronic system (1), especially an electronic system

according to one of the preceding claims, comprising the following steps:

- defining a plurality of sub-arrays (4) within an electronic array (3) of a

plurality of sensing and/or actuating elements; and

- controlling the individual sub-arrays (4) as functional units for sending

signals and/or receiving signals.
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Flowchart beams (receive beam-former)

Convert physical waves into electrical signals
through a transducer
[ 200

Connect electrical signals from the electronic array
to the receive beam-former \,202

Apply a different time delay to each channel going into the \20 4
beamformer (the delay pattern determines the
"listening direction")

Coherently sum the inputs of the different channels
into a single output [ 206

Fig. 9

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/051533

WO 2023/144080

16/25

94D

gyd

¥40

€yd

A1)

lud

T T T T T T

ecy

0l B4

og

qcy

=%

| I
- A
11 A
ILJ | I

od—~1II

Ga—1N

P11

ed—~Il

zd—1II

14—~

= o e e ] e et e ey

N N[ N [ NN [ N N O I Iy i i

o o ot
MM
M r

Vi 1o or

N [N I N N [ [ N N I N I I

Mmoo rm r

b

I e O o i I o i O o o O
NN R N NNy N N [y N Iy I I Iy 0
M
NI N [ N [y [ N I I N I I B 6 I I

O e e
NN N Ny N I I I N N ) NN [
11 FTIFT I FTIFT 1A
N [ Ny N N I i
1 r1|r1 mmm ol mm
NN NS NN NN SR SR .
MMl mmmm ol m
| N N NN I N [ I I N B

L Lﬁ N I N I [ N [ I [ Iy I Iy I N

| I
A
|
1A

11

mammmmrmm o m

L
o

7 S [ I I I U I O N O O N N By i

=]
A ®

(@
[
[
[
[

@
@

e
>

Jawloj-wesq aAv08al Welbeiq

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/051533

WO 2023/144080

17/25

414

b

"BInpouw
uoioajep adojeAaus

Ll

Jawloj-wesq aAleo8l Weibelq

¢ azy
_ITTTTTTTTL eg
o \
=S s S s s S S S s s e s
I
O B O B B B e B B ] O
I o o )
.................. : M mm il e
m i G N
{ Aeleg H{ 9U0 | mnBantissiiaslizals sl alinallinniins el N
" o e | g
fepg G40 |+ mmlmmmmm e
: | R e e e e e e e e
e i 149 1 g |00 OO OF 03 03 O COiEp 0o 0| e
fejeg 1 €40 1+ mrlr el el
2 : S~ O O O o o o o O o
Eeg 120 g EF-E B EF-EE-E-Er £ e
Repg B 140 ¢d—~ _ _
. Mo e
: L~ 5 e o o e o o pre ot
&y i i I B e B T e B ]
i nL/WL
i i ww wiwnn  Bn Be ~1 A
I N G N )
eCYy
IR LN N NN B B
pe Y b
i

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/051533

WO 2023/144080

18/25

m%u_ﬂ%?w 749
mﬂ_ﬁ_ﬂ%@ﬁ gud
- S )

AMIE

ecy

mmA/l

acy

|

o]

jamEsges
e e
|+ +
o
SN e
aalaslan

od—INI

Gd—~1lIlI

rd—~1IIlI

e~

zd—~1

O MM Mmoo

e ) — e — — — — — ]

Ld—~1l

M rrard rrm
[N N I I [y NNy N O N I Ny W
NN NN NN NN RN LJILJ NN
MMM mm s m
}EJ NN NN NN NN NN NN NN
e et oreorm
N Ny N Ny N [y NNy I I I Iy W

s

4

e et oreorm
N [ I I [y N I N I [ NN O N I Ny W

ey rmiret o

MM Mmoo rHm
N N N I I [y Ny N N I [y I Ny N I Iy I Ny o I
e e et e
N N N I Iy Ny N I [y Ny I I N Ny W

11 r1|r1 1t

| B |
11 11

N N Iy Ny I N I Ny BN N
L

e et o

| B |

mmlmmrmmmm
11 M1

I [ N [y I Ny Ay o o
L LJI

NN Iy Ny I N I Ny I Ny W

A
ol

L

11 I
L/

O

[N 74 [ I I I I N O O I N N Ny i

\

=]
o

(@
[
[
[
[

\@
@

=

Jawloj-wesq aA1809) Welbelq

eg

SUBSTITUTE SHEET (RULE 26)



WO 2023/144080 PCT/EP2023/051533

19/25

) ) )
| ] Ryinouo Kayduad ¢ | L
. |00000ooocooofy /
: \EDEDDDDDDDD~\¢ 3}
5 oooooooooool ol 3
+ DDDDDDDDDDDSS 0
§s |DO0DOOoOOooooOpg|, —
sz |DpooooooooOg st L o
23 |JO0000000O000OE L
252 |Doooooooooof) ,/
g |Dooooooooool Yo
& Dooooooooool| gt
DooodgooooolLd \

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/051533

WO 2023/144080

20/25

AIE

e N

D oooood
oo
oo dd
oo dd
oo
Juppuoopoodon
oo dd
SN oD
oo

oo

PR Bl
A TR TN
OO0oooodoonon

Ainouio Assyduad Jnoyipn
slowloj-Wesq usameq s|eubis Buissed

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/051533

WO 2023/144080

21/25

ecy

— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e e = = oy

sjeuBis Jndino Aelle 21U0.08|3

Aelie-gns aAioe

|
1
« > i
oclobblocblbllblolblollol ol lo “
SR ElEE R IR E [ IE (2|1 |2 € | |lg & |
SERBIEREBREBIBRIKEBERISBIE X “
IIIIIIIIII - - J--q--+-4J--t--+r-4--r-+=J4--+r-4+4--]1--r-4--r--i}+-4-=-—--4
||||||||| R e e ———— - a S i N R
i Peo| \\ﬂ\,uu | ! (e “
Awwinp &=--1-==-H =) - |
1
\\f _
b :t.x.t.xt.&.t_&.: LLLLLLLL LA LL L
......... 1 | e
¥l [euueyd MELEY)
HEEL=%)] FIENER)
/ [euuey) AENE )
MENLER) MENETR)
0 [euuByD ENE)
& & & & & & &|& & & & &
212 22 212 2] 212 212

¢ JISY

/mw\

| JISV

)
{

(soISe) SO JuBIalIp Usamaq sieubls Buissed

\
)
6

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/051533

22/25

sjeuBis Jndino Aelse 21U0.08|3

. 9] big

L -

L Aelie-gns aAioe |
N >
mmmmmmmmmmmmmmmmmmmm
skl RrER ]
>EE:n_vm,,
Kbl L T
g| [uueyd G| [BUUEYd
¥l |duueyy ! ¥l |duueyy
SRiNEe) m g [ouuey)
/ [puuey) m / [ouuey)
| [BUUBYD _ | TUUBTD
0 [Puuey) 0 [SUUEy)

WO 2023/144080

¢ JISV | JISY

(soIse) O] JuualIp Usemaq sieubis Buissed

SUBSTITUTE SHEET (RULE 26)




PCT/EP2023/051533

WO 2023/144080

23/25

/1 B4

® O\ .é

. £20

o—| cwuewopweeg H ey | O\OI@
o wumwiojweeg |H o _‘|H O\ OI@
o |wiewiowesg [ 10 _|H O|O\ OI@
" o(?)

" o)

Buinesjioi)

SUBSTITUTE SHEET (RULE 26)



WO 2023/144080 PCT/EP2023/051533

24/25

Dual stage beam-former

Convert physical waves into electrical signals
through a transducer \300

Connect electrical signals from the electronic
array to two different beam-formers ’\_,302

Perform partial beam-forming of N signals in
beam-former #1 and M signals in beam-former #2 \,304

Connect to outputs of beam-former #1
and beam-former #2 to the inputs of a \306
second stage beam-former

Combine the partially beam-formed signals into a
fully beam-formed signal in the second stage beamformer \308

Fig. 18
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