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Description

[0001] The present invention relates to a method for
ultrasound image acquisition according to the preamble
of claim 1 and to an apparatus for ultrasound image ac-
quisition integrated into the casing of an ultrasound probe
for ultrasound imaging apparatuses according to the pre-
amble of claim 14.

[0002] Ultrasound probes comprises an array of elec-
troacoustic transducers, each one of which transmitting
ultrasound waves when powered with an electric excita-
tion signal and generating an electric reception signal
when impinged by an ultrasound wave or pulse generat-
ed for example by the reflection of ultrasound waves
transmitted therefrom;

said array of electroacoustic transducers being provided
with at least a communication line to a processing unit
through which each transducer of said array of transduc-
ers feeds reception signals to a processing unit, and with
a communication line through which the electric excita-
tion signals generated by a generating unit are fed to
each transducer of said array of transducers for exciting
the transducer to transmit ultrasound waves;

said generating unit comprising excitation signal gener-
ating means and means for feeding said signals to said
array of transducers.

[0003] The structure described above is a typical struc-
ture of a so called ultrasound probe, particularly of ultra-
sound probes used for ultrasound diagnostic imaging.
Generally ultrasound transducers are piezoelectric ele-
ments, typically elements made of ceramic material,
where oscillations of the crystal lattice are generated up-
on excitation with an electric potential, which generate
mechanical waves in the frequency range of ultrasound
acoustic waves. The frequency of the waves and the
shape and the spectral composition of the ultrasound
waves generated depends on the frequency, shape and
spectral composition of the electric excitation pulse.
[0004] Typical ultrasound probes of the prior art are
therefore composed of a structure as described herein-
before and are connected to a remote display unit that
allows signals transmitted from the probe to be displayed,
stored and processed and at the same time it acts for
powering the probe.

[0005] The invention provides a highly portable probe
that does not have cable connections to a remote display
unit: several attempts have been made in order to pro-
duce a probe of this type, generally two types are the
most investigated types.

[0006] With reference to afirst type, the idea of making
ultrasound diagnoses with a wireless probe has been
faced by providing a real portable ultrasound apparatus
having a compact size with respect to conventional ones
such that the user can easily use it with one hand.
[0007] With reference to a further type an attempt was
made to integrate the beamformer into the probe then
transmitting the obtained data to a remote display unit,
such as an ultrasound apparatus, by radio frequency sig-
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nals.

[0008] However in both the above cases the appara-
tuses have considerable dimensions, have usage prob-
lems and moreover the quality of the reconstructed image
is considerably poorer than that generated by conven-
tional ultrasound apparatuses.

[0009] DocumentUS2002/016545 discloses an appa-
ratus for ultrasound image acquisition integrated into the
casing of an ultrasound probe for ultrasound imaging ap-
paratuses according to the preamble of claim 15.
[0010] Document US2003/139664 discloses a porta-
ble segmented hand held ultrasound system. Ultrasound
data such as image data in video format is wirelessly
transmitted to a multi-use display device.

[0011] Document EP2053418 teaches the performing
of a beamforming taking into account a plurality of trans-
mission pulses emitted from different emission points of
the transducer array. Elements in an ultrasound array
are activated according to a transmit beamformer to cre-
ate a series of transmit beams. For each transmit beam,
the first stage of a receive beamformer determines a plu-
rality of primary receive beams. A second beamformer
stage then computes secondary receive beams as a
function of the primary receive beams that correspond
to return signals from different transmit beams to a com-
mon receive beam origin. For example, each secondary
receive beam may be calculated as a function of the
weighted, time-delayed sum of the primary receive
beams. At least one of the secondary receive beams is
then output from the beamformer to be used in creating
a displayed image

[0012] Documents Reduced rank formulation for in-
creased computational efficiency in medical ultrasound
model-based beamforming, Ellis M.A. et al.. Signals,
Systems and Computers, 2008 42nd Asilomar Confer-
ence on |IEEE, Piscatatway, NJ, USA, 26 October 2008
and Framncesco Viola et al.: Time domain Optimized
Near-field Estimator for Ultrasound Imaging: Initial De-
velopment and Results, IEEETransactions on Medical
Imaging, IEEE Services Center Piscataway, NJ, US,
vol.27, no.1, 1 January 3008, pages 99-110 disclose a
beamforming algorithm based on the definition of a grid
of preset reflection points in the scan plane and the set-
ting of reflection signals from the reflection points of the
said grid.

[0013] DocumentUS2008/114253 discloses a method
and a system and a device for conduction ultrasound
interrogation of a medium. The method includes trans-
mitting a non-beamformed or a beamformed ultrasound
wave into the medium, receiving more than one echoed
ultrasound wave from the medium and converting the
received echoed ultrasound wave into digital data. The
document compares to each other specific properties of
plane waves and of spherical waves.

[0014] Therefore there is the unsatisfied need of pro-
ducing an ultrasound probe, for ultrasound imaging ap-
paratuses, particularly for diagnostic purposes that, by
relatively simple and inexpensive arrangements, allows
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the probe and a remote display unit to communicate in
a wireless mode in order to facilitate the ultrasound im-
aging examination procedure without creating obstacles
or limitations for the presence of communication cables
between the probe and the remote units.

[0015] The invention achieves the above aims by pro-
viding an ultrasound imaging method comprising the
combination of features of the preamble of claim 1 and
of the characterising part of claim 1.

[0016] The invention provides also for an apparatus
for ultrasound image acquisition integrated into the cas-
ing of an ultrasound probe for ultrasound imaging appa-
ratuses comprising the combination of features of the
preamble and of the characterising part of claim 14.
[0017] By the provision of converting means into the
processing unit that receive said reception signals and
convert them into image data which are transmitted to
video signal generating means acting for converting such
data into a video signal, the processed data occupy a
frequency band for the transmission very lower than that
of conventional ultrasound images and therefore they
can be easily transmitted in the wireless mode.

[0018] With reference to all the known solutions used
up to now, the received data are processed outside the
probe and therefore the transmission from the probe to
a remote display unit, by means of wireless protocols,
involves raw received data: in this case the bandwidth
necessary for transmitting such data is very high, there-
fore such systems do not found a real practical use as
the transmission is too slow. This for example occurs in
the apparatus described in US2002/0016545. In this doc-
umentthe image data are obtained by using conventional
ultrasound image forming technologies, therefore the
miniaturization has a limit of some kilos (about 5 pounds).
In order toreduce the weight and the dimensions by using
the known ultrasound technologies, the apparatus pro-
vides to convert the reception signals into raw signals
which are transmitted to the remote unit in order to be
further processed as an image and therefore in order to
be displayed.

[0019] According to a preferred improvement of the in-
vention that allows dimensions and weights of the
processing unit to be reduced to the typical size of ultra-
sound probes and therefore less than 500 grams, the
processing means is defined as in claim 14.

[0020] According to a further characteristic the image
forming storage comprises one or more storage cells
where image data are stored for each set of reflection
signals from the individual reflection points of said grid
of predetermined reflection points, so that said process-
ing means generate a single final image by summing the
image data concerning each set of reflection signals con-
tained in the corresponding storage cells, each storage
cell being univocally associated to an image pixel.
[0021] By means of a configuration as the one de-
scribed above it is advantageous for each storage cell to
be univocally associated to a reflection point of the grid
of the reflection points and the components of the recep-
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tion signals corresponding to the reflection signals con-
cerning said reflection point are stored therein, which
components are determined by the time reception win-
dows each one calculated for the reception of the reflec-
tion signal from a predetermined reflection point of the
grid of the reflection points.

[0022] The improvements described above operate
according to an image forming method according to claim
1. According to a further improvement of the apparatus
of the present invention, there are provided means for
determining a sub-grid, smaller than said grid, whose pe-
ripheral points coincide with at least part of the points of
said grid, said sub-grid being composed of as many
points as those contained in said grid in the area delimited
by the peripheral points of said sub-grid or more.
[0023] In a further embodiment the sub-grid is com-
posed of as many points as those contained in the grid,
since it is optimized for the computing power of the
processing means.

[0024] According to a further embodiment there is pro-
vided a user interface for displaying the image or video
so obtained and for setting the perimeter of the sub-grid,
a computational algorithm being provided for automati-
cally defining the internal points of said sub-grid.

[0025] Therefore the user can make a first scanning
obtaining an image or a series of images or videos, can
decide the region of interest where making a more de-
tailed imaging, and by means of said user interface the
user can launch said computational algorithm that auto-
matically defines the internal points of said sub-grid.
[0026] Thus the following acquisitions are limited to the
region of interest, with a more detailed level than the first
acquisition due to the smaller dimensions of the region
of interest and due to the fact the same number of reflec-
tion points under examination is contemporaneously
maintained.

[0027] The apparatus can also have further advanta-
geous characteristics as regards functional and con-
structional point of view in order to obtain an ultrasound
system composed of a probe with a substantially con-
ventional shape and weight, wherein the electronic com-
ponents scanning and forming the image from the con-
version of received data into finished image data are in-
tegrated and which probe communicates by a wireless
transmission with a remote unit displaying/storing the im-
ages.

[0028] Itis possible to use any type of protocol of the
transmission and reception means in a preferred embod-
iment the transmission and reception is of the radio wave
type called "wi-fi".

[0029] Preferably each transducer, of the array of
transducers, is connected to the processing unit and to
the generating unit by a switch, which has two conditions,
an operating condition, enabling each transducer to re-
ceive/transmit electric excitation signals, and a non-op-
erating condition, disabling each transducer from receiv-
ing/transmitting electric excitation signals, respectively.
The transition from the operating condition to the non-
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operating condition being set by the processing unit that
alternates the reception/transmission of each individual
transducer according to specific time sequences thatare
different for each individual transducer.

[0030] In this case the processing unit can be com-
posed of storage devices and of one or more program-
mable components able to control the operating process,
to synthesize waveforms for excitating the transducers
and to combine the components of the reception signals
according to appropriate rules in order to directly obtain
image data. The processing unit therefore can manage
both the storage of reception signals of the individual
transducers in suitable storage devices and the reading
of the stored reception signals.

[0031] Accordingto a preferred embodiment, the ultra-
sound probe of the present invention, provides the use
of means for powering electronic circuits which are com-
posed of a power generating and storing source, as a
battery or the like, provided in combination with and con-
nected to circuits matching and connecting the battery
to the electric signal generating, communicating and
processing means. Such improvement is particularly ad-
vantageous, since it allows the probe of the present in-
vention to be made independent from any type of power
supply obtained by a physical connection to any external
network, enhancing the fact that the probe is independent
from any other apparatus both power supply apparatus-
es, due to the use of the battery, or remote display equip-
ment, due to the use of wireless communication means.
[0032] It has to be noted that such power means are
obviously provided within the probe and it will be widely
described below how the battery is housed within the
casing of the probe.

[0033] It is possible to provide within the probe also
the unit generating the transmission signals to be sentin
order to excite the transducers: such signals are prefer-
ably time-varying frequency signals, the transmitted ul-
trasound pulses being encoded by frequency variations
over time according to a specific function over time such
asforexample alinear or non-linear function. In particular
"CHIRP" signals are generated whose frequency varia-
tion over time allows high quality images to be obtained
even by drastically reducing the number of transmission
and reception channels between the transducer array
and the signal generating and processing units reducing
the overall dimensions of the probe and thus facilitating
the use thereof.

[0034] The choice of arranging the means communi-
cating, feeding, processing and generating the received
and/or transmitted signals into the probe inevitably leads
to problems in the size of the probe, therefore the ultra-
sound probe of the present invention according to a pre-
ferred embodiment has a particular and characteristic
structure allowing all the means described above to be
housed therein while being easy to be used as the con-
ventional probes, and also improving the handling thereof
by removing obstacles, if any, when moving it, that are
due to the presence of cables for the connection to ex-
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ternal units.

[0035] The probe casing that houses all the elements
described above is composed of a case comprising two
narrower and longer side faces and two wider and longer
faces, parallel each other and oriented lengthwise in the
direction of a longitudinal axis along the direction of prop-
agation of the acoustic beam transmitted from the probe.
Moreover there are provided two boards that are parallel
or substantially parallel to the wider faces on which
boards the circuits feeding, generating and processing
the transmitted and/or received signals are arranged.
[0036] Such boards are supported by supporting
means, allowing the boards to be arranged parallel to
each other and allowing also a region housing the power
storing and/or generating means to be formed: for exam-
ple it is possible to provide an intermediate supporting
frame that keep the boards spaced apart and that allows
the battery to be housed in the space between the two
boards. Preferably the frame is composed of a peripheral
rim having a thickness substantially corresponding to the
thickness of the battery and/or to the gap between the
two boards, such rim delimits a central space between
the two boards for housing the battery: in this case there
is provided a plate closing at least one of the open sides
of the frame allowing the frame to rest on said plate such
to form the bottom of the housing space that comprises
the contacts for the connection between the battery and
the boards such to power the means generating and
processing the transmitted and/or received signals that
are provided on the boards.

[0037] Preferably the means feeding, generating and
processing the transmitted and/or received signals are
made as printed electric circuits on the two boards, fas-
tened to the frame, that are oriented parallel to the larger
faces of the probe casing.

[0038] According to an improvement of the ultrasound
probe according to the present invention both the
processing unit and the generating unit can comprise
processor means executing a logic programe process-
ing, transmitting and receiving signals and a storage unit
intended to store the program, the data for executing the
program and the data resulting from the execution.
[0039] Preferably the processing unit is composed of
a FPGA device (Field Programmable Gate Array) that
receives the signals of the transducers by an analog/dig-
ital converter that transforms the input signals of the FP-
GA device into digital data such that they can be proc-
essed by said device.

[0040] Moreover such device has the great advantage
of being programmable and the user can modify the pro-
gram, by changing the task of the probe depending on
the needs required by the type of examination to be per-
formed.

[0041] Therefore it is necessary to provide a user in-
terface allowing the FPGA to be programmed for manu-
ally controlling the scanning parameters: in this case the
wireless communication means receive from such inter-
face control signals and/or codes for programming and
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setting the operational conditions of the processing and
generating units.

[0042] Such interface can be directly mounted on the
probe, or, as it will be described below, can belong to a
remote display unit that sends, in a wireless mode, the
control signals to the communication means.

[0043] The transducer array and the wireless commu-
nication means are fastened at the ends of the boards
respectively: there are provided contacts for the commu-
nication with the transducer array and with the wireless
communication means, which are composed of a plug
connector a first part of which cooperating with a corre-
sponding second part.

[0044] The contacts of the first part of the plug connec-
tor are fastened to the inputs and/or outputs of the array
oftransducers and toinputs and/or outputs of the wireless
communication means respectively and the contacts of
the second part are at the ends of the two boards, such
that both the transducer array and the wireless commu-
nication means are connected to the means feeding, gen-
erating and processing the transmitted and/or received
signals.

[0045] A variant embodiment of the present invention
provides the transducer array and/or the wireless com-
munication means to be removably mounted to the probe
casing, such that itis possible to use different transducer
arrays and/or different communication means while
maintaining the same control electronics of the probe. In
this case the communication contacts are composed of
electric/mechanical connection elements composed in
turn of a first part of a plug connector cooperating with a
corresponding second part of a plug connector, with the
first part fastened to the inputs/outputs of the transducer
array and to the input/outputs of the wireless communi-
cation means respectively and the second part being fas-
tened to the ends of the two boards and/or to the corre-
sponding shorter and narrower sides of the probe casing.
[0046] In this case it is particularly advantageous to
provide means for automatically recognizing the type of
array of transducers and/or the type of wireless commu-
nication means that are used.

[0047] Such recognition means can be composed of a
logic execution program loaded within the processing unit
and for example they can allow the several transducer
arrays to be recognized by means of the possible types
of connection, such as the number of pins, provided in
the first and/or second part of the plug connectors. As an
alternative the several transducer arrays and/or the com-
munication means can transmit different signals when
connected to the remaining part of the probe.

[0048] In both the cases once the different types have
been recognized, the automatic recognition means reg-
ulate the processing circuit according to different opera-
tional parameters depending on the type of transducer
array and/or of the communication means that is con-
nected.

[0049] Therefore the present invention relates also to
a kit comprising an ultrasound probe, having the operat-
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ing and constructional characteristics described above
and the characteristics that will be described below, and
at least two different removable transducer arrays and/or
at least two different removable wirless communication
means.

[0050] An improvement of the probe of the presentin-
vention provides at least a part of the contacts provided
at the side of the transducer array and/or at the side of
the wireless communication means to be connected to
the connector of the board on the opposite face of the
frame: this allows communication lines between the elec-
tronic circuits of the two boards to be formed such that
signals can be transferred from one board to the other
one.

[0051] Preferably the power generating and storing
source provided within the housing space formed by the
two boards and by the means supporting them, is a re-
chargeable battery and it is mounted such that it can be
removed from the probe. Even in this case the plug con-
nectors described above are used for connecting the bat-
tery to one or both the boards, the contacts of one of the
two parts of the plug connector being provided on the
battery, while the contacts of the second part are provided
on one or both the boards.

[0052] Moreoveritis necessary to use interface means
allowing the probe and/or the battery to be connected to
an external power source, which are composed of plug
connectors of the type described above, and arecharging
electronic circuit. According to a first variant embodiment
the recharging electronic circuitis mounted on the boards
together with the interface means connecting such circuit
to an external power network and allowing the battery to
be recharged due to the connection of the battery to the
two boards.

[0053] As an alternative the recharging electronic cir-
cuit is a circuit outside the probe directly connected to
the battery through the interface means that allows the
battery to be recharged independently of the probe: such
variant, in the case the battery is dead, allows the battery
to be replaced by a back-up battery without preventing
the probe from being used, and the battery from being
recharged.

[0054] It is also possible to provide the recharging
means to be composed of electromagnetic induction re-
charging means such to allow the battery to be recharged
in a wireless mode.

[0055] The remote unit to which the ultrasound probe
of the presentinvention transmits the signals through the
wireless communication means has communication
means therein by means of which it transmits and re-
ceives the signals and it has a display device for display-
ing the video signal resulting from the processing made
by the processing unit of the probe.

[0056] According to a variant embodiment inside the
remote unit there is provided a unit allowing the received
signal to further processed, such unit is composed of
processor means that execute a logic program process-
ing, transmitting and receiving signals and a storage unit
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intended to store the prgram, the data for executing the
program and the data resulting from the execution.
[0057] As said above there are provided interface
means belonging to the remote unit, which are composed
of a user interface allowing the scanning parameters to
be manually controlled; such interface communicates
with the wirless communication means by sending con-
trol signals and/or codes for programming and setting
the operational conditions of the processing and gener-
ating units of the probe.

[0058] An alternative example of the present invention
provides the remote unit to have two or more communi-
cation channels for transmitting and receiving signals to
two or more probes. In this case each probe has to be
recognized by the remote unit, such to assign to different
channels different probes, thus each probe can be for
example univocally identified by an identification code or
the probes can have communication channels with a pre-
determined bandwidth and centered on different frequen-
cies, such to diversify the signals received or transmitted
by different probes.

[0059] Independently of the number of probes used,
the communication, display and further processing
means of the remote unit are in common to all the probes,
thus it is necessary to provide a method for diversifying
the use of such means depending on the probe that is
desired to be used. If probe is identified by an identifica-
tion code, it is necessary for the remote unit to have
processing means therein which have comparing tables
for relating each probe to its own identification code and
which activate one probe or another for the transmission
and the reception. As an alternative there are provided
switching means that alternately activate the transmis-
sion channels of the remote unit relating to frequencies
at the bandwidths on which the transmission channels
of the different probes are centered.

[0060] Advantageously the communication, display
and further processing means of the remote unit, are in
common to all the probes, since the fact of sharing such
means in combination with the storage units provided
into the storage unit allows the signals received and
transmitted by the different probes to be processed many
times, for example, it being possible to alternately or con-
temporaneously display the different images that then
can be compared, modified and/or corrected.

[0061] The method applied in the preferred embodi-
ment of the presentinventionis different from the prior art.
[0062] With reference to the prior art such methods
provide said transmitting transducer array to send a fo-
cused or non-focused ultrasound beam and provide said
receiving transducer array to receive the echoes reflect-
ed by the structures of the body under examination.
[0063] At least a part of the transmitting transducers
can be used as receiving transducers and vice versa,
alternating transmitting and receving phases over time.
[0064] According to some of the most used operating
modes, the focused beam penetrates into the body under
examination along lines of sight, that is lines of propaga-
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tion that arise at the transmitting transducers and develop
into the body under examination following the direction
of propagation of the wave front, defining a scan plane
or slice.

[0065] Such lines of sight can be parallel one another
or radially arranged depending on the relative geometri-
cal arrangement of the transmitting transducers and of
the excitation modes of the transmitting transducers.
[0066] Similarly the reception by the receiving trans-
ducers occurs by means of such lines of sight such that
each receiving transducer receives information from the
reflected echoes with reference to a sector of the scan
plane defined by the line of sight generated by the prop-
agation of the wave generated by a following transmitting
transducer or from the transducer used for the transmis-
sion.

[0067] According to a particular method known by the
name of compound imaging, several ultrasound beams
penetrate into the body under examination according to
different points of the transmitting transducer array and
the reflected echoes are detected in the reception phase
and are transformed into images that later can be com-
bined one another.

[0068] The drawback of such method is that the frame-
rate is reduced, such reduction increases as the images
generated by different observation points increase.
[0069] In an alternative embodiment the waves pene-
trate into the body under examination in a non-focused
way or defocused way such that it results in a beam with
a wide aperture and the scan slice is largely insonated.
[0070] Inthe reception phase each transducer detects
a reception signal on which it is necessary to apply win-
dows with specific time shifts depending on the distance
of the receiving transducer from the transmitting trans-
ducer and from the transmission point in the body under
examination in order to gain information concerning the
wave reflected by such transmission point in the body
under examination.

[0071] This mode has the drawback that, since the
beam is not focused, the introduced acoustic energy is
spread into a wider area and therefore each reflection
point in the body under examination is impinged by a
wave having a lower intensity.

[0072] This leads necessarily to echoes having a re-
duced intensity and therefore to an inevitable reduction
of the signal to noise ratio in the reception signals.
[0073] The above drawbacks are overcome by the
present invention and in addition to the apparatus the
present invention relates also to a method for acquiring
ultrasound images according to the general embodiment
and/or to the specific embodiment described above.
[0074] The method of the present invention therefore
provides to univocally define a grid of reference points
having predetermined positions on the scan plane, by
means of which it is possible to precisely define the rel-
ative distances between the various points of the scan
plane and the transducers.

[0075] The distance of each point of the grid from each
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transducer is known, and, since the propagation velocity
of the acoustic wave in the body under examination is
known and substantially unchanging, once the space dis-
tance is known it is possible to univocally define the time
when a wave reflected by any reflection point arranged
on the grid impinges on any transducers.

[0076] This means that the acoustic wave transmitted
from a specific transducer impinges on a reflection point
after a predetermined time, it is reflected by such reflec-
tion point and returns back in the opposite direction to-
wards the transducer.

[0077] The transducer that has transmitted the ultra-
sound pulse, detects the echoe reflected after a time that
is twice the time that the transmitted wave takes to reach
the reflection point.

[0078] Thereceivingtransducersarranged atthe sides
of such transducer used both for the transmission and
the reception, receive the reflected wave after a time dif-
ferent than the initial transducer, and the time shift is due
to the relative arrangement of the transducers and their
distance, the distance of each transducer from the re-
flection point deriving therefrom.

[0079] Inanexample case thatprovidesa linear probe,
the receiving transducers that are arranged at the sides
of the transmitting transducer receive the reflected sig-
nals after a time delay At that is directly proportional to
the distance between each transducer of such receiving
transducers and the transducer that has transmitted the
pulse.

[0080] Thus itis possible to obtain for each transducer
the components of the reception signal containing infor-
mation coming from the reflection signal of a predeter-
mined reflection point in the body under examination, by
applying suitable windows to the reception signal, which
are shifted over time according to the appropriate delays.
[0081] Intheory, due to the factr of having high velocity
components, it would be possible to make the calculation
of all the points of the image in the time between a trans-
mission and another; in practice it is sufficient to have all
the data of each element in the storage and to make the
calculation in a time shorter than 1ms.

[0082] By combining such components of the recep-
tion signals of all or at least of a part of the reception
signals, which components of the reception signals each
one holds information coming from the reflection signal
of the same reflection point in the body under examina-
tion, it is possible to generate images with acceptable
resolutions, while considerably increasing the frame-
rate, since a non-focused transmission is enough for re-
ceiving echoes on all or a part of the receiving transduc-
ers.

[0083] The method of the present invention has the
further advantage of providing further transmissions after
the first one, and of combining all the obtained images,
particularly calculating a mean, in order to obtain a final
image that optimizes the contributions of all the images
obtained from different transmitting points.

[0084] The generation of said grid of points on the scan
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plane, that defines lines parallel to the direction of prop-
agation of the acoustic wave that can be parallel each
other or diverging depending on the shape of the body
section to be displayed, and that can define cells between
reflection points of any shape, for example square or rec-
tangular shapes, has the advantage of allowing a high
number of images to be combined in a short time, since
the distances are known a priori.

[0085] By means of this it is also possible to obtain
images that can be already overlapped one another, such
that a further adjustment and processing are not neces-
sary, thus considerably saving time.

[0086] In a preferred embodiment the image frame-
rate is more than 1000 frame/sec, but it is possible to
combine the obtained images even every 20-30 ms, if
the computing power is not sufficient.

[0087] According to an embodiment the image is gen-
erated along the scan plane or slice of the body under
examination by the mean of the reflection signals of the
sets of reflection signals generated by the individual
spherical transmission pulses transmitted by the several
transmitting points.

[0088] Inavariantembodiment said sum or said mean
of the reflection signals of the individual sets of reflection
signals is separately calculated for each one of the re-
flection points, that is the sum or mean is calculated from
the values of the reflection signal of each reflection point
as stored in the various sets of reflection signals.
[0089] According to such embodiment said sum or
mean of the reflection signals is calculated upstream of
conversion into image data by said processing means.
[0090] In an alternative embodiment the reflection sig-
nals of the individual sets of reflection signals are con-
verted into image data and then separately stored, for
each set of reflection signals, said sum or mean being
calculated using the image data deriving from the indi-
vidual sets of reflection signals.

[0091] According to a further embodiment the determi-
nation of a sub-grid smaller than said grid is provided,
whose peripheral points coincide with at least part of the
points of said grid and that is formed of as many points
as those contained in said grid, in the area delimited by
the peripheral points of said sub-grid or more.

[0092] This guarantees the possibility of defining a re-
gion of interest into an obtained image, thus allowing the
following acquisitions to be made in such region of inter-
est.

[0093] This is possible by defining said sub-grid, with
the relevant recalculation of the points constituting it.
[0094] Inapreferred embodimentthe number of points
in the sub-grid is the same as the points of the grid, since
it is optimized for the computing power of the processing
means.

[0095] In an alternative embodiment the transmitting
transducers and the receiving transducers used for scan-
ning are provided in a number smaller than the total
amount and are limited to a reduced area surrounding or
near the region of interest wherein said sub-grid is de-
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fined.

[0096] As it is known to the person skilled in the art,
the transmitting transducers can also be the receiving
transducers they being actuated alternately for the trans-
mission and reception of acoustic signals.

[0097] In a further embodiment the processing means
comprise means for forming and focusing an acoustic
beam on the individual reflection points the so called re-
ceive/transmit beamformers.

[0098] Inafurtherembodimentthe array of transmitting
and receiving transducers is a two-dimensional array,
said array of transducers generating scan volumes for
the body under examination where acoustic pulses are
transmitted and from where the reflection pulses of the
transmitted acoustic pulses are received.

[0099] In this case the predetermined reflection points
are arranged in a three-dimensional grid within the scan
volume, the transmitting points are arranged along the
two-dimensional surface of the array of transmitting
transducers and each set of reflection signals comprises
the reflection signals of the reflection points of the three-
dimensional grid of the reflection points for forming a
three-dimensional image.

[0100] The invention relates also to other characteris-
tics further improving the above apparatus and method
and that are object of the subclaims.

[0101] These and other characteristics and advantag-
es of the present invention will be more clear from the
following description of some embodiments shown in the
annexed drawings wherein:

Fig.1 is a schematic diagram of the various compo-
nents of an apparatus according to the invention
where image scanning and forming means are inte-
grated in a typical ultrasound probe;

Fig. 2 is a view of the apparatus of the present in-
vention, with a particular reference to the upper
board;

Fig.3 is a view of the apparatus of the present inven-
tion, with a particular reference to the lower board;

Fig.4 is the arrangement of the boards and the con-
nection of said boards with the array of transducers
and with the wireless communication means;

Fig.5 is a view of the apparatus of the present inven-
tion, with a particular reference to the battery and
the frame supporting the two boards;

Fig.6 is the means supporting the boards;

Fig. 7 is the kit of the present invention.

Figs. 8, 9 and 10 are schematic and simplified views
of the transmission of ultrasound pulses by different
transmitting points;

Figs. 11, 12 and 13 are schematic and simplified
views of the reflection of said ultrasound pulses by
different reflection points on the grid;

Fig. 14 is a schematic and simplified view of the stor-
age of the signal components concerning the indi-
vidual reflection points into individual storage cells;
Fig.15 is a schematic and simplified view of the de-
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termination in a reception signal of a transducer of
the components concerning every individual reflec-
tion point on the grid and their storage into corre-
sponding storage cells;

Fig. 16 is a schematic and simplified view of the stor-
age in storage cells of the values corresponding to
the reflection signals of each point on the grid;
Fig.17 is the determination of a sub-grid for the de-
tailed analysis of a limited area in the body under
examination.

[0102] With reference to the figures 1 to 6, the figures
show an apparatus according to the invention having the
shape, dimensions and weight typical of currently known
ultrasound probes. Therefore in the following description
the term probe is to be understood as a synonym for the
term apparatus for ultrasound image acquisition unless
a different meaning is specifically given with reference
to a specific context. According to a possible variant em-
bodiment, the shown ultrasound probe is composed of
an outer casing 1 comprising two narrow and longer side
faces and two wider and longer faces, parallel to each
other and oriented lengthwise in the direction of a longi-
tudinal axis along the direction of propagation of the
acoustic beam transmitted from the probe. Moreover
there are provided two boards 11 and 12, which are par-
allel or substantially parallel to the wider faces, the units
generating and processing the transmitted and/or re-
ceived signals, as well as the circuits powering the units
are arranged on such boards 11 and 12.

[0103] The array of electroacoustic transducers 3 is
fastened at one of the two ends of the boards 11 and 12,
each one of which transducers transmits ultrasound
waves when powered with an electric excitation signal
and moreover it generates an electric reception signal
when impinged by an ultrasound wave or pulse that can
be generated by the reflection of ultrasound waves trans-
mitted from the same transducer.

[0104] Advantageously, but not exclusively, the array
of transducers 3, at the side composed of the ultrasound
transmitting surfaces 32, is covered with at least one
matching layer, intended to match the acoustic imped-
ance of the array of transducers 3 to that of the body to
be examined, in order to avoid abrupt changes in the
acoustic impedance, that would produce such reflection
surfaces to prevent the ultrasound beam from penetrat-
ing into the body under examination.

[0105] The array of electroacoustic transducers 3 is
connected to the boards 11 and 12 by means of plug
connectors 111, a first part of which cooperating with a
corresponding second part, in the figure they being ori-
ented with the connection contacts in the longitudinal di-
rection with respect to the probe such to be coupled and
uncoupled by a movement in such direction.

[0106] The contacts of the first part of the plug connec-
tor 111 are fastened to inputs and/or outputs respectively
of the array of transducers 3 and the contacts of the sec-
ond part are at the ends of the two boards 11 and 12,
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such that the transducer array 3 is connected with the
means generating 112 and processing 113 the transmit-
ted and/or received signals, a storage area 213 being
associated thereto whose task will be described below
with reference to particular image scanning and forming
modes of the preferred embodiment.

[0107] The variant embodiment with a particular refer-
ence to figures 1 to 6 provides the use of mechanical
engagement means 13 intended to fasten the transducer
array 3 to the probe casing.

[0108] The generating unit 112 generates excitation
signals that are transmitted, through the plug connectors
111, to the transducer array 3 and it comprises means
generating the excitation signals and means feeding the
signals to the individual transducers.

[0109] According to a variant embodiment the gener-
ating unit 112 sends time-varying frequency excitation
signals, the transmitted ultrasound pulses being encoded
by frequency variations over time according to a specific
function over time such as for example a linear or non-
linear function. Particularly so called "CHIRP" signals are
generated, whose frequency variation over time allows
the number of communication lines between the trans-
ducer array and the signal generating unit 112 and
processing unit 113 to be drastically reduced.

[0110] To this end, each transducer, of the transducer
array 3, is connected to the processing unit 113 and to
the generating unit 112 by a switch 117, which has two
conditions, an operating condition, enabling each trans-
ducer to receive/transmit electric excitation signals, and
a non-operating condition, disabling each transducer
from receiving/transmitting electric excitation signals, re-
spectively. The transition from the operating condition to
the non-operating condition is set by the processing unit
113 that alternates the reception/transmission of each
individual transducer according to specific time sequenc-
es different for each individual transducer of the trans-
ducer array 3.

[0111] Each transducer of the transducer array 3 gen-
erates a reception signal that is transmitted to the
processing unit 113 through the plug connectors 111.
[0112] The unit 113 further comprises means for con-
verting the reception signals into image data, as well as
video signal generating means: the reception signal proc-
essed by the processing unit 113 as an output from the
unit itself is therefore converted into a video signal.
[0113] With a particular reference to figures 1 to 6, the
processing unit 113 is composed of a FPGA device (Field
Programmable Gate Array) provided in combination with
an analog/digital converter 114, that converts the input
signals of the FPGA device into digital data such that
they can be processed by said device and in combination
with a storage or a plurality of storages generally denoted
by 213 and whose tasks will be described below in more
detail.

[0114] Thevideo signal as the output from the process-
ing unit 113 is sent to the wireless communication means
4 that allow video signals to be transmitted and allow the
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ultrasound probe according to the present invention to
communicate with a remote display, storage and further
processing unit not shown in the figure.

[0115] Such communication means are connected to
the other end of the boards 11 and 12 by plug connectors
116, afirst part of which cooperating with a corresponding
second part, they are connected one another in an en-
gaging disengaging direction perpendicular to the direc-
tion of propagation of the beam and perpendicular to the
surface of the boards 11 and 12, such that the boards 11
and 12 are mounted in connection with the wireless com-
munication means 4.

[0116] The contacts of the first part of the plug connec-
tor 116 are fastened to the inputs and/or outputs respec-
tively of the communication means 4 and the contacts of
the second part are at the ends of the two boards 11 and
12, such that the wireless communication means 4 are
in connection with the means 112 generating and with
the means 113 processing the transmitted and/or re-
ceived signals.

[0117] Moreover in the embodiment shown in the fig-
ures 1 to 6, the ultrasound probe of the presentinvention
provides the use of means for powering electronic circuits
which are composed of a power generating and storing
source, as a battery or the like 5, provided in combination
with and connected to circuits matching and connecting
the battery to the processing and generating units 113
and 112, and to the wireless communication means 4.
[0118] In an alternative embodiment of the apparatus
according to the present invention at least a part of the
contacts provided at the side of the transducer array 3
and/or at the side of the wireless communication means
4 is connected to the connector of the board on the op-
posite face of the frame 6: this allows communication
lines among the electronic circuits of the two boards 11
and 12 to be formed such that signals can be transferred
from one board to the other one.

[0119] The battery 5 is arranged in a housing space
51 thatis composed of a frame supporting the two boards
11 and 12.

[0120] The boards 11 and 12 are supported by sup-
porting means 61 and 62, that allow the boards 11 and
12 to be arranged parallel each other, and allow also a
housing space 51 for the battery 5 to be made: the sup-
porting frame 6, composed of the supporting means 61
and 62, spaces apart the boards 11 and 12 and allows
the battery 5 to be housed within the space between the
two boards. In the figure, the frame 6 is composed of a
peripheral rim having a thickness substantially corre-
sponding to the thickness of the battery 5 and/or to the
gap between the two boards 11 and 12, such rim delimits
a central space 51 between the two boards 11 and 12
for housing the battery 5: it is possible to provide a plate,
not shown in the figure, closing at least one of the open
sides of the frame 6 that allows the frame 6 to rest on
said plate such to form the bottom of the housing space
51 comprising the contacts for the connection between
the battery 5 and the boards 11 and 12 such to power
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the generating unit 112 and the processing unit 113.
[0121] Preferably the power means and the generating
unit 112 and the processing unit 113 are made in the
form of printed electronic circuits on the two boards 11
and 12, which are fastened to the frame 6, which are
oriented parallel to the larger faces of the probe casing.
[0122] Advantageously the battery 5, provided inside
the housing space 51 composed of the two boards 11
and 12 and of the supporting means 61 and 62 thereof,
is a rechargeable battery and it is mounted so as it can
be removed from the probe. Even in this case the plug
connectors 111 and 116 described above are used for
connecting the battery 5 to one or both the boards 11
and 12, the contacts of one of the two parts of the plug
connector will be on the battery 5, while the contacts of
the second part will be on one or both the boards 11 and
12.

[0123] Moreoveritis necessary to use interface means
allowing the probe and/or the battery 5 to be connected
to an external power source, which are composed of plug
connectors of the type described above, and a recharging
electronic circuit. According to a first variant embodiment
the recharging electronic circuit is fitted on the boards 11
and 12 together with the interface means that connect
such circuit to an external power network and allow the
battery 5 to be recharged by means of the connection of
the battery 5 to the two boards 11 and 12.

[0124] As an alternative the recharging electronic cir-
cuit is a circuit outside the probe directly connected to
the battery 5 by the interface means allowing the battery
5 to be recharged independently of the probe: if the bat-
tery 5 is dead such variant allows the battery to be re-
placed by a back-up battery without preventing the probe
from being used and the battery from being recharged.
[0125] It is also possible to provide the recharging
means to be composed of electromagnetic induction re-
charging means such to allow the battery 5 to be re-
charged in the wireless mode.

[0126] Figure 7 shows the kit of the present invention
comprising an ultrasound probe, having the construction-
al and operational characteristics described above, and
at least two different removable transducer arrays 3
and/or at least two different removable wireless commu-
nication means 4.

[0127] Such figure shows also a variant embodiment
of the present invention providing the transducer array 3
and the wireless communication means 4 to be remov-
ably mounted to the structure of the probe 1, such that
different transducer arrays and different communication
means can be used while keeping the same control elec-
tronics.

[0128] It is possible to mount and remove the trans-
ducer array 3 and the communication means 4 by means
of the plug connectors already described above, which
are made as electric/mechanical connection means com-
posed inturn of afirst part ofa plug connector cooperating
with a corresponding second part of a plug connector
111, 116 with the first part fastened to the inputs/outputs
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of the transducer array 3 and to the input/outputs of the
wireless communication means 4 respectively and with
the second part fastened to the ends of the casing of the
probe 1, holding the control electronics.

[0129] Within such control electronics there are pro-
vided means, not shown in the figure, for automatically
recognizing which type of transducer array 3 and which
type of wireless communication means 4 are used.
[0130] Such recognition means can be composed of a
logic execution program loaded within the processing unit
113 and for instance they can allow the different trans-
ducer arrays 3 to be recognized by means of the possible
types of connection, such as the number of pins 31, 41
provided in the first and/or second part of the plug con-
nectors. As an alternative the different transducer arrays
3 and the communication means 4 can transmit different
signals when connected to the remaining part of the
probe.

[0131] Inboth the cases, once the different types have
been recognized, the automatic recognition means reg-
ulate the processing circuit 113 according to operating
parameters that are different depending on the type of
transducer array 3 and/or of the communication means
4 that are connected.

[0132] Finally it has to be noted that the probe de-
scribed above can be associated to any type of device
intended to generate a synergy from a functional point
of view with the probe. An example could be represented
by means automatically recognizing the users, such as
a fingerprint scanner, that allow, through the use of da-
tabases, the user to be automatically recognized and the
type of examinations that such user can perform to be
verified by automatically setting specific operating pa-
rameters of the probe and of the remote display unit.
[0133] The figures 8, 9 and 10 and the following ones
show in more detail the structure and the operating
modes of the processing means with a particular refer-
ence to means generating the excitation signals, to
means activating the transducers for the reception, and
to the mode for forming the image starting from received
data. In the figures 8, 9 and 10 there is shown a trans-
ducer array 3, said array comprising the transducers T,
T,... T,,, arranged according to a system of cartesian axes
1 and p, where 1 is the width of the transducer array 3
and p is the depth into the body under examination.
[0134] At least a part of the transmitting transducers
can be used as receiving transducers and vice versa, by
alternating the transmission and reception phases over
time.

[0135] In the preferred embodiment shown in the fig-
ures the transducer array 3 is used both for the transmis-
sion and the reception.

[0136] A set of predetermined reflection points P4 4 ...
Pn.n is defined which are arranged at a predetermined
distance from each other and forming a grid 300 extend-
ing in the scan plane or slice along which the body under
examination is imaged.

[0137] Such grid can define cells having any shape,
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for example square or rectangular shapes, between re-
flection points.

[0138] The individual transducers successively trans-
mit an ultrasound transmission pulse in the form of a
spherical wave from each of a plurality of transmitting
points all along the extension of the array of transmitting
transducers towards the body under examination defin-
ing a scan plane or slice, where anatomical structures of
interest 300, 310 are provided.

[0139] Such successive transmission of an acoustic
pulse in one preferred embodiment occurs by each trans-
ducer Ty, ... T, of the transducer array 1, such as shown
in the figures 8, 9 and 10, wherein figure 8 shows a first
transmission of the acoustic pulse by the transducer T,
placed at a first end of the transducer array 3, figure 9
shows a second transmission by the transducer T, im-
meditely following the transducer T, and figure 10 shows
a last transmission by the transducer T, arranged at a
second end of the transducer array 3, such to show that
each transducer in the array of transducers 3 has made
a transmission, such transmissions being made succes-
sively starting from said first end of the transducer array
1 to said second end.

[0140] It is possible to provide further embodiments
where only a part of the transducers performs an trans-
mission, for example a transducer every two or three
transducers or according to any different arrangement.

[0141] In particular for example when the object to be
examined is small with respect to the aperture of the
transducer array itis possible to provide the transmission
only by one subset of transducers of the array which sub-
set has a number of transducers smaller than the total
number of transducers that are arranged directly adja-
cent one another at least the first and/or the last trans-
ducer of the subset non coinciding with the first or the
last transducer of the array respectively with reference
to their arrangement in the transducer array.

[0142] Itis possibleto provide alsotwo or more subsets
of transducers of the transducer array. In this case each
subset can comprise a certain number of transducers
different from one subset to another which are arranged
in a direct adjacent relation or which are alternated to
inoperative transducers or to transducers of another sub-
set.

[0143] When for example the Field of View (FOV) of
the probe include different objects that are spaced apart
and that have dimensions smaller than said FOV it is
possible to provide two subsets of transducers each one
intended to acquire an image relating to one of the dif-
ferent objects and therefore it comprises different trans-
ducers of the transducer array having a different position
within the array.

[0144] The person skilled in the art can easily under-
stand how any other combination of the transducers can
be provided in order to transmit the transmission pulses
depending on needs.

[0145] The transmitted acoustic pulses are reflected
by the structural elements of the body under examination
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having acoustic reflector features and are received by
said transducer array 3, such that each transducer gen-
erates a reception signal.

[0146] There are also provided processing means 113
to which each transducer is connected and each trans-
ducer provides to such processing means 113 the electric
reception signal generated by the excitation of said trans-
ducer upon reception of the reflected acoustic signal im-
pinging upon said receiving transducer.

[0147] Each point of the grid 300 therefore generates
a reflection signal corresponding to the structural fea-
tures of a location in the body under examination that is
situated precisely in that point.

[0148] This can be clearly seen in figures 11, 12 and
13, where reflection acoustic pulses generated by three
different points of the grid 200 are schematically shown
by way of example: P, 5, P49 o, @and Py 45. Obviously what
is schematically shown for said three points is valid for
each point of the grid of the reflection points.

[0149] The distance of each reflection point from each
transducer is denoted by the arrows, such distance cor-
responding to the time covered by the acoustic wave and
therefore to the time shift of the signal components con-
cerning the same point in the reception signal of each
transducer.

[0150] The distance of each point of the grid from each
transducer is known, and, since the propagation velocity
of the acoustic wave in the body under examination is
known and substantially unchanging, once the space dis-
tance is known it is possible to univocally define the time
when a wave reflected by any reflection point arranged
on the grid impinges on any transducers T,4...T,,.

[0151] This means that the acoustic wave transmitted
from a specific transducer impinges on a reflection point
after a predetermined time, it is reflected by such reflec-
tion point and returns back in the opposite direction to-
wards the transducer.

[0152] Take figure 11 as an example and let the con-
dition be after the transmission by the transducer T,
shown in figure 9: the acoustic pulse is reflected by the
point P, , and it returns back towards the transducer ar-
ray 3.

[0153] The transducer T, that has transmitted the ul-
trasonic pulse, detects the echoe reflected by the point
P, , after atime that is twice the time that the transmitted
wave takes to reach the reflection point and that corre-
sponds to the distance denoted by the arrow 120.
[0154] The receiving transducers T, and T5, arranged
at the sides of the transducer T,, receive the reflected
wave after a time different than the transducer T,, and
the time shift is due to the relative arrangement of the
transducers T, ... T,, and to their distance, the distance
of each transducer from the reflection point deriving
therefrom.

[0155] Particularly the distances of T and T3 with re-
spect to the point P, , are shown by arrows 110 and 130
respectively, and the further distances of the further
transducers are shown by the further arrows, such that
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the transducers arranged at the sides of the transmitting
transducer receive the reflected signals after a time delay
At that is directly proportional to the distance between
each one of such receiving transducers and the trans-
ducer transmitting the pulse.

[0156] In the situation shown in figure 12 the reflection
point considered is P4q, and even in this case the dis-
tances between the point P49, and the transducers,
shown by arrows, increase as we move away from the
transducer T, such that the component of the reception
signal of each transducer concerning the reflection signal
of the point P4g , will be found by applying a time delay
At corresponding to such distances when reading such
signal by means of said processing means 113.

[0157] Thus it is possible to find for each transducer
the components of the reception signal that contain in-
formation coming from the reflection signal of a prede-
termined reflection point in the body under examination
coinciding with a predetermined point of the grid, by ap-
plying appropriate windows to the reception signal, shift-
ed over time according to the appropriate delays.
[0158] As regards figures 11 and 12 the component of
the reflected signal obviously will have the maximum de-
lay when reaching the transducer T, while in figure 13,
where the reflection point considered is the point Py 43
the reflection components of such point will have a small-
er delay in the intermediate region of the transducer array
3 and higher delays at the ends of the transducer array 1.
[0159] Figure 14 schematically shows the storage of
the signal components concerning the individual reflec-
tion points in individual storage cells 50 provided in the
storage area 213 described with reference to the previ-
ous figures.

[0160] Said storage is made by said processing means
113 which receive the individual reception signals from
the transducer array 1 and combine them by applying
said time delays such that the components in each re-
ception signal concerning each reflection signal and con-
sequently each reflection point are summed together.
[0161] Such values are stored into said cells 50, thus
obtaining a set of reflection signals that corresponds to
the components of the reflected signal concerning each
point on the grid 200.

[0162] This means that there is a one-to-one corre-
spondance between the reflection features of a point of
the body under examination corresponding to a point of
the grid, for example P, 4 and the value stored within the
relevant storage cell, in this case 50, 4.

[0163] Figure 15 schematically shows the determina-
tion into a reception signal of one transducer of the com-
ponents relevant to each individual reflection point on the
grid after a single transmission and their storage into cor-
responding storage cells.

[0164] In order to do that said means 113 processing
the reception signals combine together said reception
signals provided by the individual transducers T,... T,,.
[0165] Such combination occurs with said relative time
shifts of the reception signals of the individual transduc-
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ers T, ... T, which shifts are such that the individual com-
ponents of the reception signals of the individual trans-
ducers T4 ... T,, are combined together, which compo-
nents correspond to the component of the reflected signal
generated by the reflection of the transmission pulse by
a predetermined reflector of the structure of the body
under examination, which is in a predetermined position
with respect to the array of transducers 1.

[0166] The time shift of the reception signals for defin-
ing the reflection signal of the transmission pulse by each
one of said predetermined reflection points is defined be-
forehand according to the predetermined relative dis-
tances between the individual reflection points.

[0167] Thus the determination of the reflection signal
occurs by combining the components of the reception
signals of the individual receiving transducers which
components fall within time intervals of the reception sig-
nals having said delays and which components derive
from the corresponding components of the reflection sig-
nal determined by each of said predetermined reflection
points.

[0168] This can be clearly seen in figure 15, where,
after a single transmission of an acoustic transmitting
pulse in the form of a spherical wave by a single trans-
ducer, the transducer T, receives a reception signal 610
which is analysed by said processing means 113.
[0169] The processing means 113 define, by means
of time windows 410 arranged according to the prede-
termined delays corresponding to the predetermined dis-
tances of the points on the grid 200 from the transducer
T4, the components of the reception signal concerning
the reflection signal of each point on the grid, which are
stored within the corresponding storage cells 50.
[0170] The same procedure occurs for each transduc-
erT,...T,, such as shown in figure 16, where, by decom-
posing each reception signal 610, 620 etc. of each trans-
ducer it is possible to define the set of reflection signals.
[0171] Such determination of the set of reflection sig-
nals by the individual reflection points of said grid of pre-
determined reflection points is therefore carried out for
each spherical transmission pulse transmitted by a dif-
ferent transmitting point and said sets of reflection signals
for each one of the spherical transmission pulse trans-
mitted by the individual transmitting points are separately
stored.

[0172] Tothisenditis possibleto provide furtherarrays
of storage cells 50, each one intended to store the differ-
ent sets of reflection signals, each one concerning a sin-
gle transmission.

[0173] In a preferred embodiment said storage cells
are virtual storage addresses on a single physical storage
unit, a program managing such storage unit being pro-
vided.

[0174] Starting from the sets of the stored reflection
signals said processing means 113 generate the image
along the scan plane or slice of the body under exami-
nation by summing the reflection signals of the sets of
reflection signals generated by the individual spherical
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transmission pulses transmitted by the various transmit-
ting points.

[0175] According to a further embodiment the image
is generated along the scan plane or slice of the body
under examination by the mean of the reflection signals
ofthe sets of reflection signals generated by the individual
spherical transmission pulses transmitted by the various
transmitting points.

[0176] Inavariant embodiment said sum or said mean
of the reflection signals of the individual sets of reflection
signals is separately calculated for each of the reflection
points, that is the sum or mean is calculated from the
values of the reflection signal of each reflection point as
stored in the various sets of reflection signals.

[0177] According to such embodiment said sum or
mean of the reflection signals is calculated upstream of
conversion into image data by said processing means
114.

[0178] In an alternative embodiment the reflection sig-
nals of the individual sets of reflection signals are con-
verted into image data and then separately stored, for
each set of reflection signals, said sum or mean being
calculated using the image data deriving from the indi-
vidual sets of reflection signals.

[0179] Figure 15 shows the determination of a sub-grid
210 smaller than said grid 200, whose peripheral points
coincide with at least part of the points of said grid and
that is formed of as many points as those contained in
said grid 200, in the area delimited by the peripheral
points of said sub-grid 210 or more.

[0180] In the example of figure 17 therefore a region
of interest is defined corresponding to a particular struc-
ture of interest 310 into an obtained image, thus allowing
the following acquisitions to be made in such region of
interest.

[0181] Said processing means 113 are intended for
determining said sub-grid 210 and for the relative recal-
culation of the points constituting it.

[0182] In apreferred embodimentthe number of points
in the sub-grid 210 is the same of the points of the grid
200, since it is defined by the number of transducers
T,..T,, and by the computing power of the processing
means 113.

[0183] In an alternative embodiment the transducers
used for scanning are provided inan amount smaller than
the total amount and are limited to a reduced area sur-
rounding or near the region of interest wherein said sub-
grid 210 is defined.

[0184] According to a further embodiment there is pro-
vided a user interface for displaying the image or video
so obtained and for setting the perimeter of the sub-grid
210, a computational algorithm being provided for auto-
matically defining the internal points of said sub-grid 210.
[0185] In a further embodiment the processing means
113 comprise means for forming and focusing an acous-
tic beam on the individual reflection points the so called
receive/transmit beamformers.

[0186] In a further embodiment the array of transduc-
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ers T,...T,, is atwo-dimensional array, said array of trans-
ducers generating scan volumes for the body under ex-
amination, in which acoustic pulses are transmitted and
from which reflection pulses of the transmitted acoustic
pulses are received.

[0187] In this case the predetermined reflection points
are arranged in a three-dimensional grid 200 within the
scan volume, the transmitting points are arranged along
the two-dimensional surface of the array of transmitting
transducers and each set of reflection signals comprises
the reflection signals of the reflection points of the three-
dimensional grid 200 of reflection points for forming a
three-dimensional image.

[0188] The technique shown with reference to the two-
dimensional embodiments can be easily extended also
to three-dimensional image acquisition modes. In this
case the probe is of the matrix array type and therefore
the array of transducers is a two-dimensional array and
the grid can be defined with a three-dimensional shape
since all the concepts described above for a two-dimen-
sional grid can be extended without any need of making
inventive modifications to the three-dimensional grid and
therefore to 3D ultrasound imaging.

Claims

1. Method for ultrasound image acquisition, which
method provides
the transmission of ultrasonic pulses towards a body
under examination;
which pulses are generated by transmitting trans-
ducers (T4 ... T,) which are grouped into an array of
transmitting transducers (3);
which transmitting transducers (T, ... T,) are each
connected to an electric excitation pulse generator
and transform said electric pulses into acoustic puls-
es;
the reception of the reflection acoustic pulses gen-
erated upon reflection of the transmission pulses by
the structural elements of the body under examina-
tion having acoustic reflector features by receiving
transducers (T ... T,);
which receiving transducers (T4 ... T,) are grouped
into an array of said receiving transducers (3);
and which receiving transducers (T, ... T,,) are each
connected to reception signal processing means
(113);
eachreceiving transducer (T, ... T,) providing to said
reception signal processing means (113) the electric
reception signal generated by the excitation of said
transducer (T4 ... T,;) upon reception of the reflection
acoustic signal impinging upon said receiving trans-
ducer (T4 ... T,) ;
the reception signals provided by the individual re-
ceiving transducers (T4 ... T,) being combined by
said reception signal processing means (113) and
said combination occurring with relative time shifts
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of the reception signals of the individual receiving
transducers (T4 ... T,)) which shifts are such that the
individual components of the reception signals of the
individual receiving transducers (T4 ... T,,) are com-
bined together, which components correspond to the
component of the reflection signal generated by the
reflection of the transmission pulse by a predeter-
mined reflector of the structure of the body under
examination which is in a predetermined position
with respect to the array of receiving transducers (3);
and said step combining the reception signals of the
individual receiving transducers (T ... T,)) being re-
peated with different time shifts, to obtain a combi-
nation of the components of the reception signals
caused by the reflection of the transmission signal
by each of the reflectors of the structure of the body
under examination in a predetermined scan plane or
a predetermined slice of the body under examina-
tion, which scan plane or which slice are parallel to
the direction of propagation of the transmission pulse
and the reflection signals

characterized in that

the method provides the following steps:

defining a set of predetermined reflection points
(P41 --- Py ) arranged at a predetermined dis-
tance from each other and forming a grid (200)
of predetermined reflection points which ex-
tends in the scan plane or slice along which the
body under examination is imaged;

the time shift of the reception signals for deter-
mining the transmission pulse reflection signal
from each of said predetermined reflection
points (P 4 ... P ) being defined beforehand
according to the predetermined relative distanc-
es between the individual reflection points
(P1.1 --- Pn ), which determination of the reflec-
tion signal occurs by combining the components
of the reception signals of the individual receiv-
ing transducers (T4 ... T,) which components fall
within time intervals of the reception signals hav-
ing said delays and which components derive
from the corresponding components of the re-
flection signal determined by each of said pre-
determined reflection points (P4 1 ... Py ) ;
successively transmitting an acoustic transmis-
sion pulse in the form of a spherical wave from
each of a plurality of transmitting points all along
the array of transmitting transducers (3);
determining the set of reflection signals from the
individual reflection points of said grid (200) of
predetermined reflection points (P4 1 ... Py, ) for
each spherical transmission pulse transmitted
by a different transmission point and separately
storing said sets of reflection signals for each of
the spherical transmission pulses transmitted by
the individual transmitting points;

generating the image along the scan plane or
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slice of the body under examination by summing
the reflection signals of the sets of reflection sig-
nals generated by the individual spherical trans-
mission pulses transmitted by the various trans-
mitting points; encoding the set of pixels or vox-
els of said image so obtained as a video signal
and transmitting the video signal by a wireless
mode to a remote reproducing/display unit.

Method for ultrasound image acquisition, according
to claim 1, wherein the image is generated along the
scan plane or slice of the body under examination
by the mean of the reflection signals of the sets of
reflection signals generated by the spherical trans-
mission pulses transmitted by the various transmit-
ting points.

Method for ultrasound image acquisition, according
to one or more of the preceding claim 1 or 2, wherein
said sum or said mean of the reflection signals of the
individual sets of reflection signals is separately cal-
culated for each of the reflection points (P4 4 ... Py, ),
otherwise the sum or mean is calculated from the
values of the reflection signal of each reflection point
(P11 ---Pp ) asstoredinthe various sets of reflection
signals.

Method for ultrasound image acquisition, according
toone or more of the preceding claims 1 to 3, wherein
said sum or mean of the reflection signals is calcu-
lated upstream from the conversion into image data
by said processing means (113).

Method for ultrasound image acquisition, according
toone or more of the preceding claims 1 to 4, wherein
the reflection signals of the individual sets of reflec-
tion signals are converted into image data and then
separately stored, for each set of reflection signals,
said sum or mean being calculated using the image
data derived from the individual sets of reflection sig-
nals.

Method for ultrasound image acquisition, according
toone or more of the preceding claims 1 to 5, wherein
a sub-grid (210) smaller than said grid (200) is de-
termined, whose peripheral points coincide with at
least part of the points of said grid (200).

Method for ultrasound image acquisition, according
to claim 6, wherein said sub-grid (210) is composed
of as many points as those contained in said grid
(200), in the area delimited by the peripheral points
of said sub-grid (210) or more.

Method for ultrasound image acquisition, according
toone or more of the preceding claims 1 to 7, wherein
the transmitting transducers (T ... T,)) also act as
receiving transducers (T, ... T;,) the latter being al-
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ternately actuated for transmission and reception of
acoustic signals.

Method for ultrasound image acquisition, according
to one or more of the preceding claims 1to 8, wherein
the processing means (113) include means for form-
ing and focusing an acoustic beam on the individual
reflection points (P4 .. P,,), known as re-
ceive/transmit beamformers.

Method for ultrasound image acquisition, according
to one or more of the preceding claims 1t0 9, wherein
the array of transmitting and receiving transducers
(3) is a two-dimensional array, said array of trans-
ducers (3) generating scan volumes of the body un-
der examination, in which acoustic pulses are trans-
mitted and from which reflection pulses of the trans-
mitted acoustic pulses are received, the predeter-
mined reflection points (P, 4 ... P, ) being arranged
in a three-dimensional grid (200) within the scan vol-
ume,

and the transmitting points being arranged along the
two-dimensional surface of the array of transmitting
transducers (3),

each set of reflection signals comprising the reflec-
tion signals of the reflection points of the three-di-
mensional grid (200) of reflection points (P4 4 ... Py, 1))
for forming a three-dimensional image.

Method according to one or more of the preceding
claims 1 to 10, characterized in that the individual
acoustic pulses are transmitted by one or more sub-
sets of transducers of the array, each of which sub-
sets has a smaller number of transducers than the
total number of transducers of the array of transduc-
ers.

Method according to claim 11, characterized in
that, in at least one subset of transducers, at least
the first and/or the last transducer of the subset are
not coincident with the first or the last of the trans-
ducers of the array respectively, with reference to
their arrangement in the array of transducers.

Method according to claim 11 or 12, characterized
in that the transducers of at least one subset are
alternated with inoperative transducers or transduc-
ers of another subset, or are in direct adjacent rela-
tion.

Apparatus for ultrasound image acquisition integrat-
ed into the casing of an ultrasound probe for ultra-
sound imaging apparatuses which probe comprises:

an array of electroacoustic transducers (3), each
one of which transmitting ultrasound waves
when powered with an electric excitation signal
and generating an electric reception signal when
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impinged by an ultrasound wave or pulse gen-
erated for example by the reflection of ultra-
sound waves transmitted therefrom;

said array of electroacoustic transducers (3) be-
ing provided with at least a communication line
to a processing unit (112) through which each
transducer of said array of transducers (3) feeds
reception signals to a processing unit (113), and
with a communication line through which the
electric excitation signals generated by a gen-
erating unit (112) are fed to each transducer of
said array of transducers (3) for exciting the
transducer to transmit ultrasound waves;

said generating unit (112) comprising excitation
signal generating means and means for feeding
said signals to said array of transducers (3),
wherein at least said processing unit (113) is
fitted into the probe casing and comprises con-
verting means for converting reception signals
into animage, as well as video signal generating
means for generating an image on a display unit,
wireless communication means (4) being pro-
vided for the transmission between said probe
and a remote unit displaying, storing said imag-
es as video signals,

characterized in that

the processing means comprise a storage
wherein sequences of time windows for exciting
theindividual transducers to transmit ultrasound
pulses are stored, which windows are defined
such to cause an acoustic transmission pulse to
be successively transmitted in the form of a
spherical wave from each of a plurality of trans-
mitting points arranged all along the array of
transmitting transducers (3) and wherein se-
quences of time windows for the reception of
reflection pulses of the transmitted pulses are
stored, which reflection pulses are converted in-
to reception signals by each transducer during
the corresponding reception time window of said
transducer and which reception time windows
are calculated beforehand for each point of a set
of predetermined reflection points (P 4 ... Py )
arranged at a predetermined distance one from
the other and forming a grid (200) of predeter-
mined reflection points extending in the scan
plane or slice along which the body under ex-
amination is imaged, such that by the succes-
sive transmission of an acoustic transmission
pulse in the form of a spherical wave from each
of a plurality of transmitting points arranged all
along the array of transmitting transducers (3)
the set of reflection signals is defined from the
individual reflection points (P 4 ... P, ) of said
grid (200) of predetermined reflection points for
each spherical transmission pulse transmitted
by a different transmission point,

or said converting means calculate, in real time
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and every time, said time windows and

said converting means comprise an image forming
storage wherein said sets of reflection signals for
each of the spherical transmission pulses transmit-
ted by the individual transmitting points are stored
by means of said storage means and the image along
the scan plane or slice of the body under examination
is generated by summing the reflection signals of the
sets of reflection signals generated by the individual
spherical transmission pulses transmitted by the var-
ious transmitting points.

Patentanspriiche

1.

Verfahren zur Ultraschallbilderfassung, welches
Verfahren

die Ubertragung von Ultraschallimpulsen in Rich-
tung eines zu untersuchenden Kérpers vorsieht;
welche Impulse durch Sendewandler erzeugt wer-
den (T1 ... Tn) die zu einer Anordnung von Sende-
wandlern (3) gruppiert sind;

welche Sendewandler (T1... Tn) jeweils mit einem
elektrischen Erregerimpulsgenerator verbunden
sind und diese elektrische Impulse in akustische Im-
pulse umwandeln;

der Empfang der bei Reflexion der Sendeimpulse
durch die Strukturelemente des zu untersuchenden
Korpers erzeugten Reflexionsschallimpulse mit
akustischen Reflektormerkmalen durch Empfangs-
wandler (T1... Tn);

welche Emfpangswandler (T1... Tn) zu einer Anord-
nung von Empfangswandlern (3) gruppiert sind;
und welche Emfpangswandler (T1... Tn) jeweils mit
Empfangssignalverarbeitungsmitteln (113) verbun-
den sind; jeder Empfangswandler (T1... Tn) den
Empfangssignalverarbeitungsmitteln

(113) das durch die Anregung des Wandlers
(T1...Tn) erzeugte elektrische Empfangssignal zur
Verflgung stellt, nach dem Empfang des auf den
Empfangswandler (T1...Tn) auftreffenden
Reflexionsschallsignals ;

die von den einzelnen Empfangswandlern (T1...Tn)
bereitgestellten Empfangssignale von den Emp-
fangssignalverarbeitungsmitteln (113) kombiniert
werden und die Kombination mit relativen Zeitver-
schiebungen der Empfangssignale der einzelnen
Empfangswandler (T1...Tn) erfolgt, welche Ver-
schiebungen derart gestaltet sind, dass die einzel-
nen Komponenten der Empfangssignale der einzel-
nen Empfangswandler (T1... Tn) zusammengefasst
sind, welche Komponenten der durch die Reflexion
des Sendeimpulses durch einen vorbestimmten Re-
flektor der Struktur des zu untersuchenden Korpers
erzeugten Komponente des Reflexionssignals ent-
sprechen, wobei der zu untersuchende Korper sich
in einer vorbestimmten Position in Bezug auf die An-
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ordnung von Empfangswandlern (3) befindet;

und wobei der Schritt des Kombinierens der Emp-
fangssignale der einzelnen Empfangswandler (T1...
Tn) mit unterschiedlichen Zeitverschiebungen wie-
derholt wird, um eine Kombination der durch die Re-
flexion des Sendesignals verursachten Komponen-
ten der Empfangssignale durch jeden der Reflekto-
ren der Struktur des zu untersuchenden Kérpers in
einer vorbestimmten Scanebene oder Scan-Schicht
des zu untersuchenden Kérpers, welche Scanebene
bzw. Scan-Schicht parallel zur Ausbreitungsrichtung
des Sendeimpulses und der Reflexionssignale ist,
dadurch gekennzeichnet, dass

das Verfahren folgende Schritte umfasst:

Definieren eines Satzes von vorbestimmten Re-
flexionspunkten (P1,1... Pn,n), die in einem vor-
bestimmten Abstand zueinander angeordnet
sind und einen sich in der Scanebene oder
Schicht erstreckenden Raster (200) von vorbe-
stimmten Reflexionspunkten bilden, entlang de-
rer der zu untersuchende Kérper abgebildet
wird;

die Zeitverschiebung der Empfangssignale zur
Bestimmung des Sendeimpulsreflexionssignals
aus jedem der vorbestimmten Reflexionspunkte
(P1,1...Pn,n) vorab in Abhangigkeit von den vor-
gegebenen relativen Abstanden zwischen den
einzelnen Reflexionspunkten (P1,1... Pn,n) de-
finiert wird, welche Bestimmung des Reflexions-
signals durch Kombination der Komponenten
der Empfangssignale der einzelnen Empfangs-
wandler (T1... Tn) erfolgt, welche Komponenten
innerhalb der Zeitintervallen der Empfangssig-
nale mit diesen Verzdgerungen einfallen und
welche Komponenten sich aus den entspre-
chenden Komponenten des Reflexionssignals
ableiten, die durch jeden der vorbestimmten Re-
flexionspunkte bestimmt sind (P1,1... Pn,n);
sukzessives Aussenden eines akustischen
Sendeimpulses in Form einer spharischen Wel-
le aus jeweils einer Mehrzahl von Sendepunk-
ten, die alle entlang des Anordnung von Sende-
wandlern (3) angeordnet sind;

Bestimmen des Satzes von Reflexionssignalen
aus den einzelnen Reflexionspunkten des Ras-
ters (200) von vorbestimmten Reflexionspunk-
ten (P1,1... Pn,n) fir jeden sphérischen
Sendeimpuls, der von einem anderen Ubertra-
gungspunkt ausgesendet wird, und separates
Speichern dieser Satze von Reflexionssignalen
fur jeden der von den einzelnen Sendepunkten
gesendeten sphérischen Sendeimpulse;
Erzeugung des Bildes entlang der Scan-Ebene
bzw. Schicht des untersuchten Korpers durch
Addition der von den einzelnen spharischen
Sendeimpulsen, die von den verschiedenen
Sendepunkten ausgesendet werden, erzeugten
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Reflexionssignale der Satze von Reflexionssig-
nalen;

Codieren des so erhaltenen Satzes von Pixeln
oder Voxeln des Bildes als Videosignal und
drahtloses Senden des Videosignals an eine
entfernte Wiedergabe-/Anzeigeeinheit.

Verfahren zur Ultraschallbilderfassung nach An-
spruch 1, wobei das Bild entlang der Scan-Ebene
bzw. Schicht des untersuchten Kérpers durch den
Mittelwert der Reflexionssignale der Satze von Re-
flexionssignalen erzeugt wird, die von den sphari-
schen, von den verschiedenen Sendepunkten aus-
gesendeten Sendeimpulsen erzeugt werden.

Verfahren zur Ultraschallbilderfassung nach einem
oder mehreren der vorhergehenden Anspriiche 1
oder 2, wobei die Summe oder der Mittelwert der
Reflexionssignale der einzelnen Satze von Reflexi-
onssignalen fiir jeden der Reflexionspunkte
(P1,1...Pn,n) getrennt berechnet wird, andernfalls
wird die Summe oder der Mittelwert aus den Werten
des Reflexionssignals jedes Reflexionspunktes
(P1,1...Pn,n) berechnet, wie sie in den verschiede-
nen Satzen von Reflexionssignalen gespeichert
sind.

Verfahren zur Ultraschallbilderfassung nach einem
oder mehreren der vorhergehenden Anspriiche 1
oder 3, wobei die Summe bzw. der Mittelwert der
Reflexionssignale vor der Umwandlung in Bilddaten
durch die Verarbeitungsmittel (113) berechnet wird.

Verfahren zur Ultraschallbilderfassung nach einem
oder mehreren der vorhergehenden Anspriiche 1
oder 4, wobei die Reflexionssignale der einzelnen
Satze von Reflexionssignalen in Bilddaten umge-
wandelt und dann separat abgespeichert werden,
wobei fUr jeden Satz von Reflexionssignalen unter
Verwendung der aus den einzelnen Satzen von Re-
flexionssignalen abgeleiteten Bilddaten die Summe
bzw. der Mittelwert berechnet wird.

Verfahren zur Ultraschallbilderfassung nach einem
oder mehreren der vorhergehenden Anspriiche 1
oder 5, wobei ein Teilraster (210) kleiner als dieser
Raster (200) bestimmt wird, dessen Umfangspunkte
mit zumindest einem Teil der Punkte des Rasters
(200) zusammenfallen.

Verfahren zur Ultraschallbilderfassung nach An-
spruch 6, wobei der Teilraster (210) sich aus so vie-
len Punkten oder mehr zusammensetzt, wie sie in
diesem Raster (200) in dem von den Umfangspunk-
ten des Teilrasters (210) begrenzten Bereich enthal-
ten sind.

Verfahren zur Ultraschallbilderfassung nach einem
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oder mehreren der vorhergehenden Anspriiche 1
oder 7, wobei die Sendewandler (T1... Tn) auch als
Empfangswandler(T1...Tn) wirken, Tn), wobei diese
abwechselnd fiir die Ubertragung und den Empfang
von akustischen Signalen angesteuert werden.

Verfahren zur Ultraschallbilderfassung nach einem
oder mehreren der vorhergehenden Anspriiche 1
oder 8, wobei die Verarbeitungsmittel (113) Mittel
zum Bilden und Fokussieren eines akustischen
Strahls auf die einzelnen Reflexionspunkte (P1,1...
Pn,n), wobei diese Mittel als so genannte Emp-
fangs-/Sendestrahlformer bekannt sind.

Verfahren zur Ultraschallbilderfassung nach einem
oder mehreren der vorhergehenden Anspriiche 1
oder 9, wobei die Anordnung von Sende- und Emp-
fangswandlern (3) eine zweidimensionale Anord-
nung ist, welche Anordnung von Wandlern (3) Ab-
tastvolumina des untersuchten Korpers erzeugt, in
denen akustische Impulse gesendetwerden und von
denen Reflexionsimpulse der gesendeten akusti-
schen Impulse empfangen werden, wobei die vor-
gegebenen Reflexionspunkte (P1,1... Pn,n)in einem
dreidimensionalen Raster (200) innerhalb des Ab-
tastvolumens angeordnet sind, und wobei die Sen-
depunkte entlang der zweidimensionalen Oberfla-
che der Anordnung von Sendewandlern (3) ange-
ordnet sind, und jeder Satz von Reflexionssignalen
die Reflexionssignale der Reflexionspunkte des
dreidimensionalen Rasters (200) von Reflexions-
punkten (P1,1... Pn,n) zur Bildung eines dreidimen-
sionalen Bildes umfasst.

Verfahren nach einem oder mehreren der vorherge-
henden Anspriche 1 bis 10, dadurch gekennzeich-
net, dass die einzelnen Schallimpulse von einer
oder mehreren Teilgruppen von Wandlern der An-
ordnung Ubertragen werden, wobei jede der
Teilgruppe eine geringere Anzahl von Wandlern auf-
weist als die Gesamtzahl der Wandler der Wandler-
anordnung.

Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, dass in wenigstens einer Teilgruppe von
Wandlern zumindest der erste und/oder der letzte
Wandler der Teilgruppe nicht mit dem ersten bzw.
dem letzten der Wandler der Anordnung, in Bezug
aufihre Anordnung in der Aufstellung von Wandlern,
zusammenfallen.

Verfahren nach Anspruch 11 oder 12, dadurch ge-
kennzeichnet, dass die Wandler mindestens einer
Teilgruppe und die unwirksamen Wandlern oder
Wandlern einer anderen Teilgruppe wechselweise
angeordnet sind oder in unmittelbarer Nachbar-
schaft stehen.
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14. Vorrichtung zur Ultraschall-Bilderfassung, die in das

Gehause einer Ultraschallsonde fiir Ultraschall-Bild-
gebungsvorrichtungen integriert ist, wobei die Vor-
richtung umfasst:

eine Anordnung von elektroakustischen Wand-
lern (3), die jeweils Ultraschallwellen aussen-
den, wenn sie mit einem elektrischen Anre-
gungssignal versorgt werden und ein elektri-
sches Empfangssignal erzeugen, wenn auf die-
se eine Ultraschallwelle oder einen Ultraschal-
limpuls auftrifft, der beispielsweise durch Refle-
xion von daraus ausgesendeten Ultraschallwel-
len erzeugt wird;

die Anordnung von elektroakustischen Wand-
lern (3) mindestens eine Kommunikationslei-
tung zu einer Verarbeitungseinheit (112) auf-
weist, durch die jeder Wandler der Anordnung
von Wandlern (3) Empfangssignale zu einer
Verarbeitungseinheit (113) sendet, und mit ei-
ner Kommunikationsleitung, durch welche die
von einer Erzeugungseinheit (112) erzeugten
elektrischen Anregungssignale jedem Wandler
der Anordnung von Wandlern (3) zur Anregung
des Wandlers zur Ubertragung von Ultraschall-
wellen zugefiihrt werden;

die Erzeugungseinheit (112) Anregungssig-
nalerzeugungsmittel und Mittel zum Zuflhren
der Signale zu der Anordnung von Wandlern (3)
aufweist,

wobei zumindest die Verarbeitungseinheit (113)
in das Sondengehause eingepasst ist und Um-
wandlungsmittel zum Umwandeln von Emp-
fangssignalen in ein Bild sowie Videosignaler-
zeugungsmitteln zur Erzeugung eines Bildes
auf einer Anzeigeeinheit umfasst,

drahtlose Kommunikationsmittel (4) zur Uber-
tragung zwischen der Sonde und einer entfern-
ten Einheit vorgesehen sind, die diese Bilder als
Videosignale anzeigt und speichert,

dadurch gekennzeichnet, dass

die Verarbeitungsmittel einen Speicher umfas-
sen, indem Sequenzen von Zeitfenstern zur An-
regung der einzelnen Wandler zur Ubertragung
von Ultraschallimpulsen gespeichert sind, wel-
che Fenster derart definiert sind, dass ein akus-
tischer Sendeimpuls aufeinanderfolgend in
Form einer spharischen Welle aus jeweils einer
Mehrzahl von Sendepunkten, die alle entlang
des Anordnung von Sendewandlern (3) ange-
ordnet sind, gesendet wird und wobei Sequen-
zen von Zeitfenstern fiir den Empfang von Re-
flexionsimpulsen der Sendeimpulse gespei-
chertwerden, welche Reflexionsimpulse von je-
dem Wandler wahrend des entsprechenden
Empfangszeitfensters des Wandlers in Emp-
fangssignale umgewandelt werden und welche
Empfangszeitfenster fir jeden Punkt eines Sat-
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zes von vorbestimmten Reflexionspunkten
(P1,1... Pn,n), die in einem vorbestimmten Ab-
stand voneinander angeordnet sind, berechnet
werden, und einen Raster (200) von vorbe-
stimmten Reflexionspunkten bilden, die sich in
der Scan-Ebene bzw. Schicht erstrecken, ent-
lang derer der zu untersuchende Kérper abge-
bildet wird, so dass durch die aufeinanderfol-
gende Ubertragung eines  akustischen
Sendeimpulses in Form einer spharischen Wel-
le aus jeweils einer Mehrzahl von Sendepunk-
ten, die alle entlang des Anordnung von Sende-
wandlern (3) angeordnet sind, der Satz von Re-
flexionssignalen aus den einzelnen Reflexions-
punkten (P1,1... Pn,n) des Rasters (200) von
vorgegebenen Reflexionspunkten fir jeden von
einem anderen Ubertragungspunkt (ibertrage-
nen sphérischen Sendeimpuls definiert ist,
oder die Umwandlungsmittel in Echtzeit und je-
des Mal die Zeitfenster berechnen und

die Umwandlungsmittel einen Bilderzeugungs-
speicher umfassen, wobei die Satze von Refle-
xionssignalen fir jeden der von den einzelnen
Sendepunkten gesendeten sphérischen
Sendeimpulse mittels der Speichermittel ge-
speichertwerden und das Bild entlang der Scan-
Ebene bzw. Schicht des zu untersuchenden
Kérpers durch Addition der Reflexionssignale
der Satze von Reflexionssignalen erzeugt wird,
welche durch die einzelnen, von den verschie-
denen Sendepunkten ausgesendeten sphari-
schen Sendeimpulse erzeugt werden.

Revendications

Procédé permettant I'acquisition d’'images ultraso-
nores, ledit procédé comportant I'émission d’impul-
sions ultrasonores vers un corps examing ;
lesdites impulsions étant générées par des trans-
ducteurs d’émission (T4 ... T,)), regroupés dans un
réseau de transducteurs d’émission (3) ;

lesdits transducteurs d’émission (T ... T,) étantcon-
nectés chacun a un générateur d’impulsions d’exci-
tation électrique et convertissant lesdites impulsions
électriques en impulsions acoustiques ;
laréception des impulsions acoustiques de réflexion
générées suite a la réflexion des impulsions d’émis-
sion par les éléments structuraux du corps sous exa-
men ayant des caractéristiques de réflecteurs
acoustiques étant effectuée par des transducteurs
de réception (T4 ... T,y ;

lesdits transducteurs de réception (T4 ... T,) étant
regroupés dans un réseau desdits transducteurs de
réception (3) ;

et lesdits transducteurs de réception (T, ... T,)) étant
chacun connecté a des moyens de traitement (113)
de signaux de réception ;
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chaque transducteur de réception (T, ... T,)) fournis-
sant auxdits moyens de traitement de signaux de
réception électriques générés par 'excitation dudit
transducteur (T4 ... T,)) suite & la réception du signal
acoustique de réflexion incident sur ledit transduc-
teur de réception (T, ... T)) ;

les signaux de réception fournis par les transduc-
teurs de réception individuels (T, ... T,;) étant com-
binés par lesdits moyens de traitement de signaux
de réception (113) et ladite combinaison ayant lieu
avec des décalages temporels relatifs des signaux
de réception des transducteurs de réception indivi-
duels (T,...T,)), lesdits décalages étant tels que les
composants individuels des signaux de réception
des transducteurs de réception individuels (T4...T)
soient combinés les uns aux autres, lesdits compo-
sants correspondant au composant du signal de ré-
flexion généré par la réflexion de I'impulsion d’émis-
sion par un réflecteur prédéterminé de la structure
du corps sous examen, qui se trouve dans une po-
sition prédéterminée parrapport auréseau de trans-
ducteurs de réception (3) ;

et la dite étape consistant a combiner les signaux de
réception des transducteurs de réception individuels
(T4 ... T,)) étant répétée avec des décalages tempo-
rels différents, pour obtenir une combinaison des
composantes du signal de réception déterminées
par la réflexion du signal d’émission par chacun des
réflecteurs de la structure du corps sous examen
dans un plan de balayage prédéterminé ou une tran-
che prédéterminée du corps sous examen, ledit plan
de balayage ou ladite tranche étant paralléle a la
direction de propagation de l'impulsion d’émission
et des signaux de réflexion

caractérisé en ce que le procédé comporte les éta-
pes consistant a :

définir un ensemble de points de réflexion pré-
déterminés (P4 4 ... P, ,) agencés a une distan-
ce prédéterminée I'un de l'autre et former une
grille (200) de points de réflexion prédéterminés
s’étendant dans le plan de balayage ou la tran-
che le long desquels les images du corps sous
examen sont acquises ; le décalage temporel
des signaux de réception pour déterminer le si-
gnal de réflexion des impulsions d’émission
pour chacun desdits points de réflexion prédé-
terminés (P4 ... P, ) étant défini préalable-
ment selon les distances relatives prédétermi-
nées entre les points de réflexion individuels
(P11 --- Pnp), ladite détermination du signal de
réflexion ayant lieu par la combinaison des com-
posantes des signaux de réception des trans-
ducteurs de réception individuels (T4 ... T,), les-
dites composantes étant comprises dans des
intervalles de temps des signaux de réception
ayant lesdits retards et lesdites composantes
dérivant des composantes correspondantes du
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signal de réflexion déterminées par chacun des-
dits points de réflexion prédéterminés (P4 q ...
Pan) ;

émettre en suite une impulsion d’émission
acoustique en forme d’onde sphérique de cha-
cun d’une pluralité de points d’émission le long
du réseau de transducteurs d’émission (3) ;
déterminer 'ensemble de signaux de réflexion
a partir des points de réflexion individuels de
ladite grille (200) de points de réflexion prédé-
terminés (P4 4 ... P, ) pour chaque impulsion
d’émission sphérique émise par un autre point
de transmission et stocker séparément lesdits
ensembles de signaux de réflexion pour chacu-
ne des impulsions d’émission sphériques émi-
ses par les points d’émission individuels ;
générer 'image le long du plan de balayage ou
de latranche du corps sous examen par la som-
me des signaux de réflexion des ensembles des
signaux de réflexion générés par les impulsions
de transmission sphériques individuels émis par
les différents points d’émission ; coder I'ensem-
ble de pixels ou de voxels de ladite image ainsi
obtenue sous forme de signal vidéo et émettre
le signal vidéo en mode sans fils vers une unité
de reproduction / affichage.

Procédé permettant I'acquisition d’'images ultraso-
nores selon la revendication 1, dans lequel I'image
est générée le long du plan de balayage ou de la
tranche du corps sous examen par la moyenne des
signaux de réflexion des ensembles de signaux de
réflexion générés par les impulsions d’émission
sphériques émises par les différents points d’émis-
sion.

Procédé permettant I'acquisition d’'images ultraso-
nores selon une ou plusieurs des revendications pré-
cédentes 1 et 2, dans lequel ladite somme ou ladite
moyenne des signaux de réflexion des ensembles
individuels des signaux de réflexion est calculée sé-
parément pour chacun des points de réflexion
(P11 --- Php), ou la somme ou la moyenne est cal-
culée a partir des valeurs du signal de réflexion de
chaque point de réflexion (P4 4 ... P, ) stocké dans
les différents ensembles de signaux de réflexion.

Procédé permettant I'acquisition d’'images ultraso-
nores selon une ou plusieurs des revendications pré-
cédentes 1a 3, dans lequel ladite somme ou moyen-
ne des signaux de réflexion est calculée en amont
de la conversion en données d'image par lesdits
moyens de traitement (113).

Procédé permettant I'acquisition d’'images ultraso-
nores selon une ou plusieurs des revendications pré-
cédentes 1 a 4, dans lequel les signaux de réflexion
des ensembles individuels de signaux de réflexion
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sont convertis en données d'image et ensuite stoc-
kés séparément, pour chaque ensemble de signaux
de réflexion, ladite somme ou moyenne étant calcu-
Iée a l'aide de des données d’image tirées des en-
sembles individuels de signaux de réflexion.

Procédé permettant I'acquisition d’images ultraso-
nores selon une ou plusieurs des revendications pré-
cédentes 1 a 5, dans lequel une sous-grille (210)
plus petite que ladite grille (200) est déterminée, dont
les points périphériques coincident avec au moins
une partie des points de ladite grille (200).

Procédé d’acquisition d’images ultrasonores selon
la revendication 6, dans lequel ladite sous-grille
(210) est composée d’'un nombre de points égal ou
supérieur que le nombre de points contenus dans
ladite grille (200), dans la zone délimitée par les
points périphériques de ladite sous-grille (210) ou
plus.

Procédé d’acquisition d’images ultrasonores selon
une ou plusieurs des revendications précédentes 1
a7, dans lequel les transducteurs d’émission (T, ...
T,,) font également fonction de transducteurs de ré-
ception (T4 ... T,)) ceux-ci étant alternativement ac-
tionnées pour I'émission et la réception de signaux
acoustiques.

Procédé d’acquisition d’images ultrasonores selon
une ou plusieurs des revendications précédentes 1
a 8,dans lequelles moyens de traitement (113) com-
prennent des moyens pour former et focaliser un
faisceau acoustique sur les points de réflexion indi-
viduels (P 4 ... P, ;) connus comme des formateurs
de faisceaux de réception / émission.

Procédé d’acquisition d’images ultrasonores selon
une ou plusieurs des revendications précédentes 1
a 9, dans lequel le réseau de transducteurs d’émis-
sion et de réception (3) est un réseau bidimension-
nel, ledit réseau de transducteurs (3) générant des
volumes de balayage du corps sous examen, dans
lequel les impulsions acoustiques sont émises et a
partir desquelles sont regues les impulsions de ré-
flexion des impulsions acoustiques émises, le points
de réflexion prédéterminés (P, 4 ... P, ) étantagen-
cés dans une grille tridimensionnelle (200) a l'inté-
rieur du volume de balayage,

et les points d’émission étant agencés le long de la
surface bidimensionnelle du réseau de transduc-
teurs d’émission (3),

chaque ensemble de signaux de réflexion compre-
nant les signaux de réflexion des points de réflexion
de la grille tridimensionnelle (200) des points de ré-
flexion (P4 1 ... P, 5) pour former une image tridimen-
sionnelle.
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Procédé selon une ou plusieurs des revendications
précédentes 1 a 10, caractérisé en ce que les im-
pulsions acoustiques individuelles sont émises par
un ou plusieurs sous-ensembles de transducteurs
duréseau, chacun desdits sous-ensembles compor-
te un nombre de transducteurs inférieur que le nom-
bre total de transducteurs du réseau de transduc-
teurs.

Procédé selon la revendication 11, caractérisé en
ce que, dans au moins un sous-ensemble de trans-
ducteurs, au moins le premier et/ou le dernier trans-
ducteur du sous-ensemble ne coincident pas res-
pectivement avec le premier ou le dernier des trans-
ducteursduréseau, avecréférence aleur disposition
dans le réseau de transducteurs.

Procédé selon la revendication 11 ou 12, caracté-
risé en ce que les transducteurs d’au moins un sous-
ensemble sont alternés avec des transducteurs hors
de fonctionnement ou des transducteurs d’un autre
sous-ensemble, ou sont directement adjacents les
uns aux autres.

Appareil pour I'acquisition d'images ultrasonores in-
tégré dans le boitier d’'une sonde échographique
pour appareil d'imagerie par ultrasons, ladite sonde
comprenant :

un réseau de transducteurs électroacoustiques
(3), chacun desquels émet des ondes ultraso-
nores dés qu’il est alimenté par un signal d’ex-
citation électrique et génére un signal électrique
de réception lorsqu’il regoit une onde ou une im-
pulsion ultrasonore incidente générée par
exemple par la réflexion d’ondes ultrasonores
émises de celui-ci ;

ledit réseau de transducteurs électroacousti-
ques (3) étant pourvu d’au moins une ligne de
communication vers une unité de traitement
(112) par laquelle chaque transducteur dudit ré-
seau de transducteurs (3) alimente des signaux
de réception a une unité de traitement (113), et
d’'une ligne de communication par laquelle les
signaux électriques d’excitation générés par
une unité de génération (112) sont alimentés a
chaque transducteur dudit réseau de transduc-
teurs (3) pour exciter le transducteur a émettre
des ondes ultrasonores ;

ladite unité de génération (112) comprend des
moyens de génération de signaux d’excitation
et des moyens d’alimentation desdits signaux
audit réseau de transducteurs (3), dans lequel
au moins ladite unité de traitement (113) estin-
sérée dans le boitier de sonde et comprend des
moyens de conversion pour convertir des si-
gnaux de réception en image, aussi bien que
des moyens de génération de signaux vidéo
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pour générer une image sur une unité d’afficha-
ge, des moyens de communication sans fil (4)
étant prévus pour la transmission entre ladite
sonde et une unité distante d’affichage, stockant
lesdites images en forme de signaux vidéo, ca-
ractérisé en ce que les moyens de traitement
comprennent une mémoire dans laquelle sont
stockées des séquences de fenétres temporel-
les pour exciter les transducteurs individuels a
émettre des impulsions ultrasonores, lesdites
fenétres étant définies de fagon a déterminer la
transmission consécutive d’'impulsions acousti-
ques en forme d’onde sphérique le long du ré-
seau de transducteurs d’émission (3), et dans
laquelle sont stockées des séquences de fené-
tres temporelles pour la réception d’'impulsions
de réflexion des impulsions émises, lesdites im-
pulsions de réflexion sont converties en signaux
de réception par chaque transducteur, et lesdi-
tes fenétres temporelles de réception étant cal-
culées préalablement pour chaque point d’'un
ensemble de points de réflexion prédéterminés
(P41 .- Pp.n) @agences a une distance prédéter-
minée I'un de l'autre, formant une grille (200) de
points de réflexion prédéterminés s’étendant
dans le plan de balayage ou la tranche le long
desquelslesimages du corps sous examen sont
acquises, de maniére que, par I'’émission con-
sécutive d’une impulsion d’émission acoustique
en forme d’onde sphérique depuis chacund’une
pluralité de points d’émission agencés le long
du réseau de transducteurs d’émission (3), I'en-
semble de signaux de réflexion est défini a partir
des points de réflexion individuels (P4 1 ... Py, 1)
de ladite grille (200) de points de réflexion pré-
déterminés pour chaque impulsion de transmis-
sion sphérique émise par un point d’émission
différent, ou lesdits moyens de conversion cal-
culent, en temps réel et a chaque fois, lesdites
fenétres temporelles, et lesdits moyens de con-
version comprennent une mémoire de formation
d’'images, dans laquelle lesdits ensembles de
signaux de réflexion pour chacune des impul-
sions de transmission sphériques émises par
les points de transmission individuels sont stoc-
kées par lesdits moyens de stockage et 'image
le long du plan de balayage ou de la tranche du
corps sous examen est générée par la somme
des signaux de réflexion des ensembles de si-
gnaux de réflexion générés par les impulsions
de transmission sphériques individuelles émi-
ses par les différents points d’émission.

10

15

20

25

30

35

40

45

50

55

21

40



EP 2 568 883 B1

g
\

(euaneq)

ell

Ad3llvd

- A SHOLYINO3N
”YIMOd

Md VOdd
WO¥d3

gegl - Ol

S3OVLI0A ONIRNIMOd
H3IMOd Y3sNd

Ll

VNNILNV

ONINOS FOVAI
0HLNOD
ONIWLL
3ANA
s K—)|  vodd
v\ AMOW3W VLva

/

€Le

"ANOD QN “TdWY - HOLVRIVd3S - ¥3STNd
T3NNVHO ONNOSVHLIN

/

43"

OST—FFOI W

L Bid

22









12 116

Fig.4



EP 2 568 883 B1

G 61

26



EP 2 568 883 B1

27

Fig.6



EP 2 568 883 B1




EP 2 568 883 B1

T3 Tn
|

S

-

] |/ / / /
)4 )4 /
~ / \\/\200
//
)4
~N 4
1 1/ -\\
N 4 N
\\
-+ \ \\
N / h
[ S N\
NA D \
AVVHAN N
i =" ~300
VN || VA
=g 310

Fig. 8

29



EP 2 568 883 B1

T3 Tn
|

v

|

[ R (N

T .

K |
N VLUTLELLE L
1|/ / / /
// A/ /
= /// / \\/\200
1
LN )4
\\ 1/
/{/ y -\\
\\ // \
\\
— \ AN
N A N
ANEIEAN [\
YA b} \
AVVHAN \
T =" 300
\ 4 N
) 310
]

Fig. 9

30



EP 2 568 883 B1

v

TI"I
’\

1l

-l

TN
\

UV AN
I TN
\ N
\\ \\ N
N
N N N -
\\ \\
( \
\\ ) s .
NN
\ AN
\] / ™ T
ENEIEAN N\,
YN \
\\ N
YRS 300
NETTY
=) 310
200
Fig. 10

31




EP 2 568 883 B1

T, T T
Ul o
B~ N\ N
TN
110 o —
1207 d 3/’3//
By
P17 200
1V ////,\ ’ / /
A V] ) 4 /
v 1/
/‘K‘\ b
2 A
= U1 X
A Y \‘\
T NERNEEEN S
P2 Mmu=SmE 299
| N 7T 310
N e
P! Fig. 11

32



EP 2 568 883 B1

200

o O
A i O
e X — /N
- - N ~
. AN
] - i
. /, 7 \
— A Pes BIR
[ | // |
w— ANED A
b p T
— N (A u
— TSA A
= IFaS %
L N _.H
L / K A
s A YD A/ARF.7ERN
- 9 ] ]
T/\\ ) = — = N
-
_|2I|\ \ < A A
= \\\
a

P19,2

33



EP 2 568 883 B1

n

— -

2 T, T
(

\\W
[Luuuummmuw

/_\

v

/?\ \ ™ J \‘
AR \\\\\\ Samus
/
/ ZARN\NANLS 1/ 200
/ R A A
A PZANN ARN A
/T T XA \ AN N \
[ / nYHA \
/] NaN
NN i A\
WIHTTT VN
\” \ \ [T / vi
NN RS g; / />\ 7
| R - IND
_ \ ™ ! N~ 300
I:’1013 A \\ B \ = B%
y \\\ ~d \\ B ;/ 310
\\ ™ <] pd //
= L1

P Fig. 13

34



EP 2 568 883 B1

50

.| SEsmmmEEEE L

1 113

HIT s

Fig. 14

35



EP 2 568 883 B1

v

410

LI AN
/ | T T T T R

I Cat g Iyl gy g
1 RN U RS IR PIRS P
11" l1‘l f‘l‘. :1‘. 11‘. 11‘|
\1, \1, \1, \1, \1, \_',
- -~ bt e N -~ -
I D DO B N
AT A0 0 10 30 10
AE PR PERN PERY PERE PURY P
T, 11" l'l" 1]" T,
A L4 A k4 i rd A - A 4 L ’
ll‘ :]‘ 11 ARt RS
‘\l’l ‘Jr' ‘.I,. o ‘J’l ‘-':
;". (“. (". (". (". (".
.lf *' 44 {4 *a .lf
[ I N DR R R |
1 1 1 1 1 1

~

Fig. 15

36

610
/



EP 2 568 883 B1

9l ‘bi-

I T
1 1 1
4 TN S N
J s J ’ ! ’
b A A |
OO
IS
K AN PR ¥

RN VRN |
.\—.. _\—._ .\—..
NYRCRARY
.\—.V _\—.n .\_-w

rr-r

AT

A

A

029

[T T 'L et
Lolbabatata
TSI rT T
bebabobhalbas

[ R L
Lakababab

0L9

_J_J.J.J.J_J_ TL
LiLalalabala

[ et T Bt T "l Bl St B
Lubaobobabalba

I L A T A
r;r;r;r;r;r.ﬁUlllll
.J.J.J.J.J.JHUIIIIl
Lobubabobolas

37




EP 2 568 883 B1

v

HHIHHITHIg

L]
N
N\ / 200
P ,\,// /
~_ ,C’/A =
/\ A EEEN
l\\ ::::El::_iE \ '\-/’/_\ 210
HH Es \\
& R 300
T 310
Fig. 17

38



EP 2 568 883 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e US 2002016545 A [0009] * US 2008114253 A [0013]

* US 2003139664 A [0010] * US 20020016545 A [0018]
 EP 2053418 A [0011]

Non-patent literature cited in the description

* Signals, Systems and Computers. ELLIS M.A. et al. e Time domain Optimized Near-field Estimator for Ul-
42nd Asilomar Conference. |IEEE, 26 October 2008 trasound Imaging: Initial Development and Results.
[0012] FRAMNCESCO VIOLA et al. IEEETransactions on

Medical Imaging. IEEE Services Center, vol. 27,
99-110 [0012]

39



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

L5

H AT SOk
S\EREERE

BEX)

patsnap

—MATEFEGRENGENEE

EP2568883A2 NI (»&E)B 2013-03-20
EP2011725965 RiEH 2011-05-05
B MR

ESAOTE S.P.A.

ESAOTE S.P.A.

CEROFOLINI MARINO

CEROFOLINI, MARINO
A61B8/00 A61B5/00 G10K11/34 G01S7/52 G01S15/89

A61B8/00 A61B8/4411 A61B8/4444 A61B8/4455 A61B8/4472 A61B8/4483 A61B8/483 A61B8/565
G01S7/003 G01S7/52026 G01S7/5208 G01S15/8915 G01S15/8954 G01S15/8977 GO1H3/125

102010901836790 2010-05-07 IT
102010901836789 2010-05-07 IT

EP2568883B1

Espacenet

RTHEFEGRENKESRIBERANTGS  ZBFRLDEFD
FHREEEREES | HASMBEKBE KR, ZMEFISHRERRESHLE
BRERE  AERIFERTRMEFREANESHET, ERRHA
HW—NAES , EOLEETREIRLTA S H BREE N FERE
SHRGENEG , ABERATEERET LAERBEGNAMES, AL
L WRERAINERH TREFEGE#RANRAESHEEL T ZHN

4% Al o


https://share-analytics.zhihuiya.com/view/e2e7cb6e-fe4c-46b4-be57-5735aa2bc7d5
https://worldwide.espacenet.com/patent/search/family/044210000/publication/EP2568883A2?q=EP2568883A2

