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HANDHELD ULTRASOUND SCANNER

[0001] The present invention relates to a handheld ultra-
sound scanner of the type as recited in the preamble of the
first claim.

[0002] Ultrasound scanners for diagnostic, hospital or
other purposes are currently known of.

[0003] An example of an ultrasound scanner of such type
is described in the patent application US-A-2014/041448.
[0004] These devices make it possible to obtain images of
the inside of the human body, in particular soft tissue.
[0005] They work by generating and sending ultrasound
pulses from the outside to the inside of the human body. Said
ultrasound pulses rebound, in an echo effect, against the
inner tissues and are received back by the ultrasound scanner
distorted or changed after the echo.

[0006] Theultrasound scanner picks up the modified ultra-
sound pulses and turns them into electromagnetic waves by
means of specific transducers. The electromagnetic waves,
properly interpreted, thus contain information about the
surfaces inside the human body which created the echo
effect.

[0007] The electromagnetic waves are then transformed
into still or moving images by specific processors. These
images show the inside of the human body.

[0008] Structurally, the ultrasound scanners comprise a
machine body wired to a probe. The probe comprises said
transducers and other servo elements, while the machine
body generally comprises a processing and calculation cen-
tre, the means for controlling the generation of ultrasound
pulses, the electromagnetic wave receiving means, the
screen and all the necessary devices. In addition, each
ultrasound scanner preferably comprises a plurality of inter-
changeable probes.

[0009] In particular two different kinds of ultrasound
scanners are made: fixed and handheld ultrasound scanners.
[0010] The fixed systems are large and highly precise and
are generally placed inside hospitals or outpatient clinics in
dedicated areas.

[0011] The handheld ultrasound machines are less precise
and smaller. They comprise a machine body in most cases,
the size of a briefcase.

[0012] Ultrasound scanners have several important advan-
tages. In particular they have no significant side effects, do
not radiate the human body and are sufficiently precise.
[0013] The prior art mentioned above has several signifi-
cant drawbacks.

[0014] In fact, conventional ultrasound scanners are cum-
bersome.
[0015] Even handheld ultrasound scanners, despite the

small size, are still very expensive.

[0016] Such drawbacks particularly affect home visits, and
small medical or veterinary practices.

[0017] Inthis situation the technical purpose of the present
invention is to devise a handheld vltrasound scanner able to
substantially overcome the drawbacks mentioned above.
[0018] Within the sphere of said technical purpose one
important aim of the invention is to devise an economical
and sufficiently accurate handheld ultrasound scanner.
[0019] Another important aim of the invention is to make
a compact handheld ultrasound scanner.

[0020] The technical purpose and specified aims are
achieved by a handheld ultrasound scanner as claimed in the
appended claim 1.
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[0021] Preferred embodiments are evident from the
dependent claims.

[0022] The characteristics and advantages of the invention
are clearly evident from the following detailed description of
a preferred embodiment thereof, with reference to the
accompanying drawings, in which:

[0023] FIG. 1 shows an operating diagram of the handheld
ultrasound scanner according to the invention;

[0024] FIG. 2 shows the handheld ultrasound scarnner
according to the invention used together with a conventional
device.

[0025] With reference to said drawings, reference numeral
1 globally denotes the handheld ultrasound scanner accord-
ing to the invention.

[0026] It is suitable for performing ultrasound scans on
bodies, particularly on human bodies, animals or structures
of various types.

[0027] The handheld ultrasound scanner 1 is associated
with an external computer 100 of the conventional type for
general purposes with sundry software and a generally-used
and versatile operating system. The computer 100 preferably
consists of a smartphone or tablet, for example a smartphone
or tablet running an Android, IOS®®, Windows®, Linux or
similar operating system.

[0028] The computer 100 comprises a display screen 101
electronic processing means 102 such as a processor or the
like, preferably of the ARM® Cortex® or Intel® Atom®
type or more powerful. It further comprises connections 103,
such as cable input jacks (USB, Apple Lightning connector
or HDMI, Thunderbolt® or so on) and in particular wireless
connections, i.e. receiving and transmitting antennas, for
example Bluetooth® or Wi-Fi®.

[0029] The handheld ultrasound scanner 1 and the external
computer 100 form an ultrasound apparatus 200 which
comprises them both.

[0030] The handheld ultrasound scanner 1 comprises
transducers 2 suitable to convert electromagnetic pulses into
ultrasound pulses and vice versa and, thus, to send and
receive ultrasound pulses.

[0031] The transducers 2 are known per se and preferably
over 16 in number, more preferably 32 or 64 in number and
appropriately in a phased array configuration, known per se
to a person skilled in the art. The set of transducers 2 is
called a transducer array 2a.

[0032] The transducers 2 are part of a head 20 which
comprises, in addition to said transducers 2, an acoustic lens
21, suitable to minimise the acoustic impedance of the
interface between the body to be examined and the handheld
ultrasound scanner 1, and constituting the proximal end of
the ultrasound scanner 1. The acoustic lens 21 and trans-
ducers are connected by a coupling material 22 suitable to
mitigate the impedance of the lens 21. Distal to the trans-
ducers 2 is a damping material 23 to prevent the acoustic
waves from moving up the probe.

[0033] The head 20 is further, immediately connected by
an analogue electric connector 24 preferably quickly detach-
able and per se known, to a switch 25 preferably of the T/R
type, namely both transmitting and receiving, It is a high
impedance switch 25 allowing communication between the
transducer array 2a and the remaining part of the ultrasound
scanner 1 in receiving or transmitting, without the latter
interfering with each other.

[0034] The handheld ultrasound scanner 1 then comprises
electromagnetic wave generating means 3 suitable to send
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given electromagnetic pulses, i.e. of the chosen type to
transducers 2 to convert them into given ultrasound pulses,
i.e. ultrasound pulses of the chosen frequency and duration.
They are then connected to the transducers 2, and then to the
head 20, in particular to the switch 25 and consequently to
the head 20.

[0035] The electromagnetic wave generating means 3
comprise a transmission beamformer 30, of the transmissive
type, suitable to create digital pulses and to send them to a
pulse generator 31 of another voltage (HV pulsar), also part
of said electromagnetic wave generating means 3, suitable to
convert said digital pulses into analogue pulses. The ana-
logue pulse created by the pulse generator 31 is sent to a
transmission de-muxer 32 or demultiplexer, part of said
generating means 3, which divides the analogue signal into
a plurality of signals and sends them to individual transduc-
ers 2 part of the array 2a. Said components are known per
se.

[0036] The handheld ultrasound scanner 1 further com-
prises electromagnetic wave receiving means 4 suitable to
receive electromagnetic pulses from the transducers 2 con-
sequent to the reception of ultrasound echoes of the ultra-
sound pulses sent, and therefore following their echo on the
body in question. They are in addition suitable to convert the
analogue signal coming from the transducers 2 into a digital
signal, and to offset the effects of phase shift and attenuation
which the signal undergoes during the transit in the body
tissues examined.

[0037] The receiving means 4 are then connected to the
head 20 and in particular by means of the switch 25 and
receive the signals in output from the same.

[0038] The receiving means 4 may initially comprise a
receiving muxer 40 suitable to gather the analogue signals
coming from the plurality of transducers 2 into one signal.
[0039] The receiving means 4 then comprise, preferably
immediately downstream of the receiving muxer 40, an
LNA 41 or low noise amplifier, suitable to amplify the weak
signals coming from the array 2a.

[0040] The receiving means 4 then comprise, preferably
after the LNA 41, a Time Gain Compensation TGC 42. This
has the function of amplifying signals in inverse proportion
to the acquisition time thereof, i.e. in proportion to the depth
of penetration. The TGC 42, known per se, thus has the
function of offsetting the attenuation of the ultrasound pulses
coming from distal structures occurring in the body tissue
examined.

[0041] Downstream of the TGC 42, the receiving means 4
appropriately comprise a converter 43 suitable to transmute
the analogue signal into digital and per se known.

[0042] The converter 43 is preferably followed by a
receiving de-muxer 44 which again divides the signal,
previously consisting of a plurality of signals received from
different transducers 2 then assembled by the receiving
muxer 40, into a plurality of respective signals, preferably
digital.

[0043] Downstream of the receiving de-muxer 44 is a
receiving beamformer 45, known per se. It is an electronic
element, sometimes integrated with the TGC, which puts the
incoming signals back into phase and sums them to then
possibly eventually demodulate them in quadrature phase.

[0044] The handheld ultrasound scanner 1 further com-
prises control means 5 suitable to control the components of
said handheld ultrasound scanner 1. Said control means 5 are
preferably directly connected to the switch 25, and then to
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the head 20, the receiving means 4, the generating means 3
and to other elements described below. In particular, the
control means 5 are connected to the receiving 45 and
transmission beamformers 30.

[0045] The control means 5 are in particular suitable to
receive signals from the receiving means 4 and in particular
from the receiving beamformer 45 and to send signals to the
generating means 3 and in particular to the transmission
beamformer 30.

[0046] They are suitable in particular to control the acti-
vation or deactivation of the generating means 3 and receiv-
ing means 4 and to control the direction in input or output
of the signal from or to the transducers 2 by means of the
switch 25.

[0047] The control means 5 comprise a microprocessor,
for example an ARM® processor or the like, and may further
comprise a DSP (digital signal processor), and/or an FPGA
or in any case a microcontroller.

[0048] The control means 5 are connected, in transmission
and reception to processing means 6 suitable to process the
signals coming from the control means 5 and preferably not
substantially modified thereby. The processing means 6 thus
receive the signal coming from the receiving means 4 and
apply thereto known algorithms, such as, preferably, the
B-Mode method or even the color doppler or otherwise, for
the reconstruction of the ultrasound scan image.

[0049] Structurally the processing means 6 may consist of
an ARM® processor and/or of a multicore DSP or similar.
[0050] After obtaining the image the processing means 6
send it back to the control means which possibly perform a
brief check and send it to the transmitting 7 means, part of
the handheld ultrasound scanner 1.

[0051] The transmitting means 7 are preferably of the
wireless type and are thus composed at least of a transmit-
ting antenna. More preferably, the transmitting means 7 are
a Bluetooth® module, in particular type 2.0 or subsequent,
or alternatively a Wi-Fi module or otherwise. Alternatively
the transmitting means are of the wired type, in particular of
the Apple Lightning connector USB® or HDMI® type or
otherwise.

[0052] The handheld ultrasound scanner 1 comprises then
a battery 9 and management means thereof, suitable to
optimise its charging. The battery 9 is connected at least to
the control means 5, the generating means 3, the transmitting
means 7 and to all the elements requiring electricity.

[0053] Structurally, the handheld ultrasound scanner 1
comprises a containment casing 8, preferably rigid and
preferably made of polymeric material. It is suitable to
connect mechanically, and preferably integrally with each
other, the elements described above, which make up the
handheld ultrasound scanner 1, in particular: the generating
means 3, the receiving means 4, the control means 5, the
processing means 6, the transmitting means 7, the battery 9
and connected circuit board and the head 20. Preferably the
casing 8 comprises solely said elements.

[0054] In more detail the head 20 and in particular the
acoustic lens 21, forms the distal end of the handheld
ultrasound scanner 1. It is additionally preferably integrally
constrained to the casing 8 by means of releasable constraint
means, for example by a join between the two elements, so
that said head may be simply replaced and is interchange-
able. For the purposes of interchangeability, the head 20
preferably also comprises an electric connector 24 with the
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switch 25 of the detachable type, or a detachable electrical
connection between the switch 25 and the remaining part of
the ultrasound scanner 1.

[0055] The casing 8 further comprises an activation button
80 and connection means for recharging the battery 9 or a
connection to replace the same.

[0056] The functioning of the handheld ultrasound scan-
ner 1, described above in structural terms, is as follows. Said
functioning defines an innovative new operating procedure
of a handheld ultrasound scanner 1, which is implemented
precisely by means of the handheld ultrasound scanner 1
described above.

[0057] In said procedure the handheld ultrasound scanner
1, in particular the acoustic lens 21, is placed in contact with
the human body or animal to be analysed. Alternatively, the
handheld ultrasound scanner 1 is placed on the object to be
examined.

[0058] The handheld ultrasound scanner 1 is activated
using the button 80.

[0059] The control means 5 send the generating means 3
the command to activate and generate electromagnetic
waves and at the same time set the switch 25 so that it lets
the signals pass from the generating means 3 to the head 20
and not vice versa. Consequently, the transmission beam-
former 30 creates the digital impulses and sends them to the
pulse generator 31 which converts them into analogue
impulses or waves. The analogue impulses are sent to the
transmission de-muxer 32 which divides them into a plu-
rality of signals and sends them to the head 20 and then to
individual transducers 2, part of the array 2a, by means of
the switch 25 properly set, to the connector 24 and the
coupling material 23.

[0060] The electromagnetic waves are transformed into
vibrations by the transducers 2. Said vibrations have a
frequency such as to create ultrasound pulses which pass
through the acoustic lens 21, enter the body to be examined
and return, through an echo effect, to said acoustic lens 21
and from there to the transducers 2.

[0061] At this point, and at preselected and regular time
intervals, the control means 5 set the switch 25 so that it lets
the signals pass from the head 20 to the receiving means 4
and not otherwise.

[0062] The transducers 2 convert the vibrations or ultra-
sound pulses received into electromagnetic signals and send
them, through the coupling material 23 and the switch 25,
properly set up, to the receiving means 4.

[0063] In particular the signals from the various transduc-
ers 2 reach the receiving muxer 40 and are grouped into a
smaller number of channels. The signal arrives then at the
LNA 41, suitable to amplify weak signals coming from the
array 2a, and from here to the TGC 42 which amplifies the
signals in inverse proportion to the acquisition time thereof,
offsetting the attenuation of the ultrasound pulses coming
from distal structures which occurs in the tissue of the body
examined.

[0064] The signal arrives then at the converter 43, which
converts it into digital and at the receiving de-muxer 44,
which re-divides the signal into a plurality of respective
signals, preferably digital, coming from the individual
arrays.

[0065] The signal then reaches the receiving beamformer
45, which puts the incoming signals back into phase, sums
them, and possibly demodulates them in a quadrature phase,
and from here back to the control means 5.
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[0066] To sum up, principally, the receiving means 4
receive electromagnetic impulses from the head 20 and from
the transducers 2, resulting from the receipt of the echo
ultrasound pulses of the ultrasound pulses sent and convert
the analogue signal into a digital signal, offsetting the effects
of phase shift and attenuation which the signal undergoes in
particular during the transit in the body tissues examined.
[0067] The control means 5 in turn send the signal to the
processing means 6 which process the received signal, in a
manner known per se, to obtain still or moving images. In
particular and advantageously the processing means 6 apply
to incoming signal the standard algorithm for the recon-
struction of the ultrasound image. They thus preferably
obtain a series of black and white and circular sector images.
Preferably 30 images per second are obtained.

[0068] Said data are sent back to the control means 5,
which checks the correctness thereof, and from there to the
transmitting means 7 which transmit them externally. In
particular, the transmitting means 7 are advantageously
wireless, for example Bluetooth®, in particular type 2.0 or
subsequent, or alternatively Wi-Fi® and are suitable to
transfer in a wireless manner said amount of data and said
images so as not to require cables or the like. In particular,
it is appropriate that said wireless transmitting means 7 have
a transmitting/receiving speed greater than or equal to 3
Mbit/s. Said transmitting means 7 permit a universal inter-
face with the computers 100, already generally provided
with said interfaces.

[0069] The data processed by the processing means 6 are
then sent to the computer 100, in particular the connection
103, of the same type as the transmitting means 7, thus wired
or preferably wireless, more preferably Bluetooth® in par-
ticular type 2.0 or subsequent, or alternatively Wi-Fi, pref-
erably with a receiving/transmitting speed greater than or
equal to 3 Mbit/s.

[0070] The computer 100 appropriately comprises, in its
memory, a software suitable to complete the process, by
means of electronic processing means 102, which consist of
various types of processors.

[0071] The computer 100 then performs a further process-
ing of the data and transforms the series of circular sector
images to rectangular passing from polar coordinates to
Cartesian coordinates, and optionally interpolates the
images for added definition.

[0072] The computer 100 then creates moving images 100
which appear on the screen 101 of said computer 100. The
viewing of the moving images thus entails further possible
data processing related to the viewing, such as the possible
unpacking of compressed data or the mere transfer of
information.

[0073] The computer 100 in particular performs opera-
tions of so-called post-processing of the data, in particular
operations known as Steckle, or other operations.

[0074] The data processing procedure is thus divided
between the ultrasound scanner 1 and the computer 100 and
divided appropriately so as to allow to both the handheld
ultrasound scanner 1 and the computer 100 to handle the
processing speed of the received signals to turn them into
moving images and to allow the wireless transmitting means
7 to transmit said data.

[0075] The split point is that described, in which the
processing means 6, part of the ultrasound scanner 1,
perform the standard algorithm for image reconstruction
from the ultrasound signal coming from the receiving means
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4, preferably creating instead a series of circular sector
images in black and white, preferably 30 images per second,
while the processor 102 part of the computer 100 runs the
rest of the process to create the video file and display it.
[0076] The computer 100 lastly comprises controls for the
ultrasound scanner, for example of the touch-screen type to
take snapshots of the moving images, to take measurements,
to highlight details and so on.

[0077] The invention achieves some important advan-
tages.
[0078] In fact, the handheld ultrasound scanner 1 is

extremely compact and small in volume.
[0079] This is due to the fact that the probe is integrated
in the ultrasound scanner in one piece and also by the fact
that, to see the results, and preferably also to partially
process the same, a computer 100, such as a tablet or
smartphone, is used which the doctor normally brings with
him.
[0080] The handheld ultrasound scanner 1 it also very
economical, mostly for the same reasons that make it
compact.
[0081] Lastly, the handheld ultrasound scanner 1 has a
universal communication interface compatible with comput-
ers 100 known per se and used.
[0082] Variations may be made to the invention without
departing from the scope of the inventive concept described
in the independent claims and in the relative technical
equivalents. In said sphere all the details may be replaced
with equivalent elements and the materials, shapes and
dimensions may be as desired.
1. An operating process for a handheld ultrasound scan-
ner, said handheld ultrasound scanner comprising
transducers configured to convert electromagnetic pulses
into ultrasound pulses and vice versa and, thus, to send
and receive ultrasound pulses,
electromagnetic wave generating means configured to
send given electromagnetic pulses to said transducers
to be converted into given ultrasound pulses,
electromagnetic wave receiving means configured to
receive electromagnetic pulses from said transducers
consequent to the reception of ultrasound echoes of the
ultrasound pulses sent,
control means configured to control the components of
said handheld ultrasound scanner,
processing means configured to process signals from said
receiving means and convert them into still or moving
images, said receiving means configured to receive
electromagnetic pulses from said transducers and at
least convert the analogue signal into a digital signal,
and offset any effects of phase shift or attenuation of the
signal received,
transmitting means for transmitting said still or moving
images to a computer of a conventional type external to
said handheld ultrasound scanner, the computer com-
prising a screen, electronic processing means, connec-
tions and controls for said ultrasound scanner,
the process comprising:
processing said signals coming from said receiving means
by means of said processing means contained in said
ultrasound scanner, and converting them into still or
moving images,
sending said still or moving images processed by said
processing means to said computer by means of said
transmitting means,
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further processing by said computer of the data sent by
said transmitting means which results in the creation of
a video, and

displaying said video by said computer on said screen.

2. The process according to claim 1, wherein said pro-
cessing of said signals coming from said receiving means by
said processing means results in the production of a series of
images.

3. The process according to claim 2, wherein said pro-
cessing of said signals coming from said receiving means by
said processing means results in the production of a series of
black and white images.

4. The process according to claim 3, wherein said pro-
cessing of said signals coming from said receiving means by
said processing means results in the production of a series of
circular-sector images.

5. The process according to claim 1, wherein said hand-
held ultrasound scanner further comprises a containment
casing, and wherein said transducers, said electromagnetic
wave generating means, said receiving means, said control
means and at least part of said processing means and of said
transmitting means are integrally constrained to said casing.

6. A handheld ultrasound scanner, comprising;

transducers configured to convert electromagnetic pulses

into ultrasound pulses and vice versa and, thus, to send
and receive ultrasound pulses,
electromagnetic wave generating means configured to
send given electromagnetic pulses to said transducers
to be converted into given ultrasound pulses,

electromagnetic wave receiving means configured to
receive electromagnetic pulses from said transducers
consequent to the reception of ultrasound echoes of the
ultrasound pulses sent, and to convert the analogue
signal into a digital signal, and to offset the effects of
phase shift and attenuation of said received signal,

control means configured to control the components of
said handheld ultrasound scanner,

processing means configured to process signals from said

receiving means and convert them into still or moving
images,

transmitting means of said still or moving images to a

computer of a conventional type external to said hand-
held ultrasound scanner, preferably consisting of a
smartphone or tablet, and comprising a screen, elec-
tronic processing means, connections, controls for said
ultrasound scanner, preferably of the touch-screen type,

a containment casing,

wherein at least said transducers, said electromagnetic

wave generating means, said receiving means, said
control means and at least part of said processing
means and of said transmitting means are integrally
constrained to said casing,

wherein a head comprising said transducers and an acous-

tic lens, constituting the distal end of said handheld
ultrasound scanner, and

wherein said head is integrally constrained to said casing

by means of releasable constraining means.

7. The handheld ultrasound scanner according to claim 6,
wherein said releasable constraining means consist of a
joint.

8. The handheld ultrasound scanner according to claim 6,
wherein said head comprises a detachable electrical connec-
tion between said head and the remaining part of said
ultrasound scanner.
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9. The handheld ultrasound scanner according to claim 6,
wherein said transmitting means are of a wireless type.

10. An ultrasound scanning apparatus comprising said
handheld ultrasound scanner according to claim 6, and said
computer.

11. The ultrasound scanning apparatus according to claim
10, wherein said computer is a tablet or smartphone having
sundry software and a generally-used and versatile operating
system.
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