US 20110112399A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2011/0112399 A1l

Willems et al,

(54)

(75)

(73)

1)
22)

(86)

PORTABLE ULTRASOUND SYSTEM

Inventors:

Assignee:

Appl. No.:
PCT Filed:
PCT No.:

§371 (1),

(2), (4) Date:

John Willems, Maastricht (NL);
Joop Geijsen, Maastricht (NL)

ESAOTE EUROPE B.V,, Aj
Maastricht (NL)

13/003,742
Aug. 1, 2008

PCT/EP08/60187

Jan. 11, 2011

(43) Pub. Date: May 12, 2011
Publication Classification
(51) Imt.Cl
A61B 8/00 (2006.01)
(52) US.Cl i e 600/437
(57) ABSTRACT

A portable ultrasonic diagnostic system includes a probe
transmitting and receiving an ultrasonic signal to and from a
region of interest, and a main unit having circuitry in com-
munication with the probe to form an image based on the
ultrasonic signal and a display displaying the formed image.
The main unit has a weight which can be supported by one
arm and is provided with handle means to be grasped by one
hand. The main unit has a case in the form of a tablet com-
puter, with a front side formed by a display and a rear side, and
further has a handle.
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PORTABLE ULTRASOUND SYSTEM

FIELD OF THE INVENTION

[0001] Theinvention relates to portable ultrasonic diagnos-
tic systems, and, in particular, to a portable ultrasound diag-
nostic system that includes:

[0002] a probe for transmitting and receiving an ultrasonic
signal to and from a region of interest;

[0003] a main unit having circuitry in communication with
the probe for forming an image of the region of interest based
on the ultrasonic signal and,

[0004] a display for displaying the formed image;

[0005] the probe being connected to the said circuitry in the
main unit by means of a cable connection;

[0006] the main unit having a weight which can be sup-
ported by one arm, and;

[0007] the main unit being provided with handle means to
be grasped by one hand.

BACKGROUND OF THE INVENTION

[0008] Ultrasonic systems or devices of the diagnostic kind
are known and are the result of advances in the underlying
technology, which have permitted miniaturization of the nec-
essary electronics. The ultrasound industry continues to
reduce the size and weight of available diagnostic equipment.
The smaller and lighter equipment has improved portability,
however, existing portable ultrasound technology is not with-
out its limitations.

[0009] One shortcoming of some portable systems is that
the need to hold onto or otherwise manipulate the equipment
with both hands during use hinders the ability of a person to
productively use the system in some situations. For example,
document U.S. Pat. No. 5,590,658 discloses an ultrasound
system including a laptop computer with the capability of
displaying ultrasound images obtained with a handheld scan
head. With this kind of system, in order to ensure that the
display is visible at all times during acquisition of the ultra-
sound signals with the scan head, the user must either hold the
laptop computer, or change the position of the laptop com-
puter to face the user, who may be moving around to position
the scan head in a suitable location during the imaging ses-
sion. As a result, the system user’s hand that is not being used
to manipulate the scan head is often nonetheless occupied and
not always free to assist with the medical procedure.

[0010] The portable ultrasound systems, disclosed in U.S.
Pat. Nos. 5,722,412 and 5,738,099, are of the kind that is
so-called “hand held” and integrate the display and the trans-
ducer in the same unit. While in essence permitting the scan
head and the display to be held in one hand, these systems
suffer from a different shortcoming. In particular, in order for
the ultrasound user to get the desired view, it is frequently
necessary to move the transducer repeatedly to different
regions of the patient and to different orientations. In so
doing, the displays of these systems may not be sufficiently
visible to a user unless that user moves about, possibly into
awkward positions.

[0011] A further kind of portable ultrasound systems is
disclosed in document U.S. Pat. No. 6,126,608. This kind of
devices includes a scan head and a main unit. Circuitry forms
the image based on the ultrasound signals collected by the
scan head. A display screen is carried by the main unit and
displays the ultrasound image. The main unit is relatively
small and is provided in combination with an attachment
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member, which is mountable around a forearm of the system
user such that said display is visible to the system user during
use. The attachment member extends toward a hand of the
system user at the end of the forearm and includes a digit-
accommodating opening.

[0012] Although this ultrasound system overcomes the
shortcomings of the above mentioned known systems, by
leaving a hand free to carry out help functions during imaging
while permitting at the same time to have the display always
optimally directed against the user, so that the said user can
have the best view of the display, there are still shortcomings
which consist principally in that:

[0013] The display is very small in size, and

[0014] The hand at the arm, to which the main unit is
attached, cannot carry out any tasks or functions connected to
the device such as controlling the device by means of control
buttons or thelike. These tasks must be carried out by the hand
carrying the probe so that in certain situations the scanning
process must be interrupted or even aborted due to the fact
that some controls has to be activated on the main unit.
[0015] A general drawback of the increasing miniaturisa-
tion trend of the ultrasound systems consists in that said
portablesystems are limited of certain specific applications of
the ultrasound imaging technique and that, in order to have
systems able to carry put different kinds of applications of the
ultrasound imaging technique, bigger and less portable
devices are still needed.

[0016] Thus, it would be desirable to provide a portable
ultrasound system which overcomes these and other short-
comings of the prior art that were discussed above.

SUMMARY OF THE INVENTION

[0017] The present invention provides a portable ultra-
sound system, in which the main unit has a case in the form of
atablet computer, with a front side formed by a display, a rear
side, and a handle. The handle is formed by an elongated
member, which is secured to the case of the main unit by
cantilevered arms protruding from the case in a direction of
the rear side of the case of the main unit, terminating behind
the rear side so that the elongated member forming the handle
extends at a certain distance behind the rear side of the case of
the main unit and is nearer to one of two opposite peripheral
edges of the case of the main unit.

[0018] In a portable ultrasound system according to the
invention, when one hand grasps the handle, the case of the
main unit leans against the forearm, the weight of the main
unit is carried by the forearm and the hand has only the
fanction of blocking the case of the main unit in position.
[0019] Themain unit case has the form of a flat parallelepi-
ped. In particular, it has two larger sides which form the front
and the back side and which are connected by smaller sides
being the lateral sides.

[0020] The front side is formed substantially entirely by a
so called touch screen, such that no key or button or other kind
of control is provided on the sides of the case of the main unit.
[0021] In one embodiment, the front and the back sides of
the case of the main unit are rectangular.

[0022] The main unit comprises all of the hardware and
peripherals of the ultrasound system needed for driving the
ultrasound probe and for generating, processing and storing
the images. Additional hardware is provided which is of gen-
eral purpose such as communication units with other devices,
networks or other external peripherals. The transducers are



US 2011/0112399 Al

housed in a probe together with some electronic components
as typical in current traditional ultrasound probes.

[0023] Advantageously, the elongated member forming the
handle is provided at a distance from a peripheral edge of the
case of the main unit, which is on the opposite side of the
peripheral edge of the said case nearer to said elongated
member, that distance being not longer than the average dis-
tance from the palm of a hand to the hollow of an elbow.

[0024] According to still another improvement, in order to
adjust the distance of the elongated member from the periph-
eral edge on the side of the case opposite to the peripheral
edge to which the elongated member is nearer, the arms
supporting the elongated member are secured to the case of
the main unit and/or to the ends of the elongated member in a
swingable way, and particularly in a swingable way around an
axis parallel to the axis of the elongated member.

[0025] According to another improvement, the elongated
member is hollow and forms a case for housing at least part of
the circuitry of the main unit. In particular, the elongated
member forms the housing for a battery pack.

[0026] According to a first alternative, the elongated mem-
ber is in the form of a case for housing interchangeable battery
packs, an opening being provided in the elongated member
which allows extracting the battery packs from or inserting it
in the elongated member.

[0027] A second alternative provides that the elongated
member forms an enclosure for the battery packs and the
electric wires, and that the battery packs are fixedly mounted
in the enclosure.

[0028] Inboth cases the elongated member is at least partly
hollow and forms a chamber, which has an open side and a
door for closing the open side. Furthermore, in the chamber
there are provided electric contacts, which cooperate with the
electric contacts of a battery pack having predetermined
dimensions and a shape corresponding to the dimensions and
to the shape of the chamber.

[0029] Inthis case, the electric cables for feeding the power
to the circuitry inside the case of the main body pass inside
one or both of the two lateral arms and from then inside the
case of the main body.

[0030] An additional variant provides that the elongated
member has several separated chambers, each shaped to hold
at least one or a number of battery packs and limited relative
to the total number of battery packs which can be housed in
the elongated member. Each chamber has an opening for
inserting and extracting the corresponding battery pack or
battery packs and has also removable means for closing the
opening, each of the chambers being provided with contact
terminals of a power feeding line connected to the power
input of the main unit by conductors passing through one or
both of the arms linking the elongated member to the case of
the main unit.

[0031] Ithas to be emphasized that the term battery pack, in
the present description and in the claims, is meant to identify
a rechargeable or non rechargeable battery formed by one
piece or a group of pieces, which are electrically connected
and integrated in a power unit having a certain number of
singular pieces electrically connected such to have a certain
voltage and a certain power and endurance.

[0032] According to still another variant, the elongated
member has at least one chamber in which a power feeding
circuit is housed, said circuit having means for connecting to
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an external power network or source and an output connected
to the power feeding line of the main unit, which is provided
in the elongated member.

[0033] Advantageously, a battery pack recharger is also
provided, which is fed by the power circuit and which is
connected to the battery packs in the elongated member by
means of the power feeding line present in the elongated
member orto a separate recharging line, which is provided in
the elongated member and which branches in each one of the
chambers housing the battery packs. The recharging line in
the chambers has terminal contacts which are electrically
connectable to the recharging inputs of each of the battery
packs.

[0034] It has to be noted that, as done for example for
notebook computers, the chamber housing a battery pack and
the battery pack itself each have a part of an electric multipo-
lar connector, which cooperates one with another for gener-
ating the electric connections between the inputs and outputs
of the notebook and of the battery pack when the battery pack
is inserted in the chamber.

[0035] According to another improvement, the elongated
member carries at least one or more control buttons ot keys,
which are connected to the circuitry of the main unit for
generating and sending commands to the main unit and acti-
vating or deactivating functions of the ultrasound system.
[0036] The elongated member forming the handle is ori-
ented advantageously parallel to a peripheral edge of the
display. This allows carrying the main unit easily in the cor-
rect orientation of the display for the user.

[0037] According to still another improvement, the case of
the main unit can be carried easily either in a so called portrait
or in a so called landscape orientation of the display, this
means according to two orientations of the display which are
rotated of 90° one with respect to the other around an axis of
rotation that is perpendicular to the display and passes
through the center of the display area.

[0038] Whenthe display is rectangular in shape, the display
is oriented with the longer edges along a horizontal direction
(landscape orientation) in a first orientation and with the
longer edges in a vertical direction (portrait orientation) in a
second orientation.

[0039] In the said first orientation, the elongated member
forming the handle of the case of the main unit is also hori-
zontal, while in the said second orientation the elongated
member is oriented to be contained in a vertical plane.
[0040] In order to have a secure support of the main unit
case in both the first and second orientations, the length of the
case of the main unit in the direction parallel to the longitu-
dinal axis of the elongated member is less than twice the
average distance from the palm of the hand to the hollow of
the elbow.

[0041] This feature ensures that when the main unit is held
in a position with the handle, i.e. the elongated member, in a
vertical plane, the case is balanced and there is no major
contribution of the weight in the part of the case protruding
over the zone at which the hand grasps the elongated member.

[0042] Inorder to further facilitate the carrying of the main
unit, reducing the stress or work of the hand to firmly block
the case grasping the handle, and so enabling use of the hand
for pressing the keys or buttons arranged on the elongated
member, the invention provides, in one embodiment, for an
ultrasound system with one or more of the features disclosed
above and having also an attachment member for said main



US 2011/0112399 Al

unit case, said attachment member being mountable around a
forearm of the system user such that said display is visible to
the system user during use.

[0043] In its simplest form, the attachment member is
formed by at least one strap secured to the back side of the
case of the main unit, 1.e. the side oriented towards the fore-
arm of the user. The strap has two ends which carry means for
securing the two ends one to the other and for tightening the
strap around the user forearm.

[0044] The straps are provided in an intermediate position
between the elongated member and the side of the case of the
main unit opposite to the one which is nearer to the elongated
member.

[0045] Furthermore, the at least one strap can be secured to
the back of the case of the main unit to be rotatable around an
axis perpendicular to the back side of the case of the main
unit, such that the main unit can be rotated in one of the first
and second orientations of the display when the strap is tightly
secured to the user’s arm.

[0046] IN another embodiment, the attachment member is
formed by a combination of a strap and an anatomic saddle-
like contact part against the f forearm. In this case, the saddle
like contact part is secured to the back of the case of the main
unit in a rotatable way around an axis perpendicular to the
back side of the case.

[0047] Furthermore, means may be provided for releasable
stopping the saddle like contact part in one angular position of
the at least two angular positions corresponding to the above
mentioned first and second orientations of the display.
[0048] This can be obtained by means of elastically releas-
able stopping means, which are mounted in housings pro-
vided in the back side of the case of the main unit or in the
surface of the saddle like contact part adhering to the back
side of the case. Those means have one or more teeth or
projections that are forced in a position to protrude out of the
surface of the back side and can be pushed back in a position
not protruding for the back side. Those teeth or projections
cooperate with notches provided in the surface of the saddle-
like contact part adhering the back side and are placed on a
circular path coaxial with the axis of rotation of the notches.
[0049] According to still another feature of the present
invention, in order to be able to use the device for a longer
time without any connections to an external power source, in
combination with the case of the main unit additional power
units can be provided consisting in a case for more battery
packs. Said case and the case of the main unit have releasable
mechanical connection means and releasable electric connec-
tion means between the power unit output line and the main
unit power input line.

[0050] One embodiment provides for an additional elon-
gated element as the handle, which can be mechanically
secured to the handle and which is in the form of an enclosure
where the battery packs are stably housed, or in the form of a
case for housing battery packs such that they can be extracted
from and inserted in the case for substitution with charged
battery packs.

[0051] According with another embodiment, which can be
provided in combination or separately from the previous one,
the elongated member forming the handle is secured to the
case of the main unit in a releasable way, while two or more
different elongated members are provided which are different
in size one from the other, and particularly which have dif-
ferent cross-sections such to house a different number o bat-
tery packs. The releasable attachment of the elongated mem-

May 12,2011

bers has the same shape and dimensions for every elongated
member so that each of the different elongated members can
be secured to the case of the main unit.

[0052] The means for releasably securing the elongated
member to the case of the main unit can be of every kind and
lies within the general knowledge of the skilled person. Par-
ticularly, these means can be releasable snapping means,
screw-connections, or similar.

[0053] An additional feature can be provided separately or
in combination with each of the features disclosed above,
wherein the power unit can be part of a docking unit, which is
formed by a case having the same form from a plan view as
the case of the main unit and certain thickness.

[0054] The docking unit can be the housing not only for
supplementary battery packs but also for additional periph-
erals such as: special computing circuitry, storage devices,
reading/writing devices of portable storage media like floppy,
CD-ROM, DVD-ROM or similar, modems or other commu-
nication hardware, ports for connection of peripherals, like
USB, Firewire, parallel and/or serial ports, hardware and
ports for the connection to a network. and other devices.

[0055] Similarly to the above mentioned elongated mem-
ber of the handle, the case of the docking unit and the case of
the main unit are provided with means for securing one to the
other in a releasable way, mechanically and also electrically.

[0056] Even in this case, releasable snapping means can be
provided or other particular means, which ensure a rapid
attachment and a rapid separation of the case of the main umt
to or away from the case of the docking unit in combination
with connectors for the power feeding lines between the
power sources in the docking unit and the circuitry in the main
unit, and for the communication lines of the peripheral and
other devices housed in the docking unit and listed above.

[0057] As a one more alternative, the additional battery
packs and/or the additional hardware may be housed in the
anatomic saddle like contact part which has been disclosed
above. Also in this case, since the saddle contact part can be
releasably secured to the back side of the case of the main
unit, a set of different saddle like contact parts can be pro-
vided, which differ one from the other in their dimensions so
to be able to house a different number of battery packs and/or
one or more different additional hardware units.

[0058] The saddle like contact part can also be provided as
unit formed by several parts which can be mounted one to the
other when needed. In this case, for example, an additional
case like element can be provided to be secured in an inter-
mediate position between the saddle like contact part and the
back side of the case of the main unit, while advantageously
the additional case like element has, on one side to be con-
nected to the backside of the case of the main unit, the same
connection means as the side of the saddle like contact part,
while on the side to be connected to the saddle like contact
part it has the same connection means as the ones provided on
the back side of the case of the main unit. This construction
allows also providing more than one additional case like
element, which can be secured one to the other and in an
intermediate position between saddle like contact part and
back side of the case of the main unit.

[0059] Ithas to be understood that the above features ofthe
present invention can be provided alternatively or in any
combination or subcombination one with the other depending
on the configuration needed for the ultrasound diagnostic
system.
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[0060] Thanks to the above conditions, the portable device
can be configured in such a way as to set a certain endurance
of the power source, while carrying out certain tasks and
limiting of the weight in view of the power source endurance
and of the tasks which can be carried out.

[0061] Typically the endurance of the power source, i.c. the
battery use is about four hours, while the weight is not lower
than 5.5 kg.

[0062] Initslightestconfiguration, the weightis about 3kg,
but the endurance of the power source is limited to about one
hour.

[0063] Since in portable ultrasound systems, the endurance
of the electric power and the weight are important limitations
in comparison to the conventional sonographers, an embodi-
ment of the present invention has an additional feature which
can be provided in any combination or subcombination with
the above disclosed features and even separately. The ultra-
sound systems can be used for carrying out different imaging
tasks in relation with diagnostic and/or surgical or mini-
invasive surgical applications. While conventional echo-
graphic systems have the capacity of carrying out every or a
great part of the above tasks, due to the limits disclosed above
the portable device are also limited in relation to the different
possible kinds of application they are able to carry out.
[0064] In the known portable ultrasound systems of the so
called “hand-held” or “notebook™ kind, in order to reduce
power consumption, it is known to limit the feeding of power
only to the electronic units which are needed for carrying out
the tasks connected to certain specific applications which
have been selected by the user. In any case the user interface
is always completely active.

[0065] According to an additional feature of the present
invention, the portable ultrasound system of the above kind
has in the case of the main unit a completely graphical user
interface. In this case the screen is a touch screen able to
receive commands by touching the screen. The different con-
trol keys, buttons, switches and cursors are in the form of
graphic symbols representing the keys, buttons, switches and
cursors. Selecting means are provided for selecting at least
one specific application within a list of applications which are
available on the portable echographic system, means being
provided for loading and executing a specific graphic user
interface program which generates on the screen the images
of only the keys, buttons, switches and cursors that are needed
for carrying out the tasks related to the selected specific
application.

[0066] Furthermore, according to an additional feature, in
the portable echographic system different electronic units for
carrying out specific tasks are substituted by a central pro-
cessing unit configured to execute different programs and to
carry out different tasks, at least a memory being provided in
which there are saved different programs for controlling the
central processing unitin and carry out different specific tasks
related to the functions of an echographic system. One or
more of the different programs for carrying out specific tasks
are loaded by the central processing unit and executed by it
when a certain specific application has been selected by the
user.

[0067] Advantageously, a main control program can be
loaded and executed by the central processing unit, which
prints on the display screen the list of applications available
with the portable system and a graphics user interface com-
prising the icons of keys, buttons, switches, cursors or similar
control devices related to general functions, such as a menu
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for addressing the specific diagnostic or surgical applications,
menus for addressing configuration and adjustments options
for the device which are of general purpose, and/or menus for
carrying out maintenance or managing tasks of the apparatus
and of the devices integrated in it such as file manager rou-
tines, memory drives control and maintenance routines, elec-
tronic units configuration and diagnostics, driver upgrades,
system upgrades and additional typical tasks needed for man-
aging and for maintaining the efficiency of a computer sys-
tem.

[0068] In particular, as soon as the apparatus is started, all
touch screen drivers and menu graphic interfaces are loaded
and executed.

[0069] The main control program addresses, depending on
the choice made with the help of the menus, the programs for
carrying out the specific tasks related to the applications or
configuration and adjustment options chosen by the user.
[0070] According to another advantageous feature of the
present portable echographic system, one more program is
saved in the memory and is available for being executed by
the central processing unit. That program consists in an appli-
cation specific tutorial for the user which is already provided
in the echographic system in a ready to start condition.
[0071] In this case, the main control program prints on the
screen a graphic user interface with a key icon, which
addresses the tutorial program. The key, when touched by the
user, causes the main control program to load the tutorial
program and to t have he program executed by the central
processing unit.

[0072] A main tutorial control program can be executed,
which loads a graphic user interface showing a list of options,
each of which can be highlighted and chosen by means of the
touch screen interface and which cause the corresponding
specific program to be executed and the corresponding
graphic user interface to be loaded and printed on the touch-
screen display. In order to spare electric power and maintain
a limited weight without affecting the computational power
of the system needed by the hardware for executing the pro-
grams and carrying out the tasks of the system, according to
another feature, in one embodiment a part of the tasks to be
carried out by the central processing unit (CPU) are carried
out by the graphic processing unit (GPU). In ultrasound
devices the GPU is not subjected to high operational stresses
because image processing is not a heavy operation. Compu-
tational power is normally needed to extract image data from
the signals received. Thus, the GPU can be used as an aid to
the CPU also for carrying out non typical tasks for the GPU.
In the present embodiment, the portable ultrasound system
has a scan converter which is formed by software to be
executed by a processing unit while the graphic processing
unit is used as the processing unit for executing the scan
converter software.

[0073] Additional features of the present invention are dis-
closed in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] The above features and the related advantages will
become clearer form the following description of preferred
embodiments which are illustrated in the annexed drawings.
[0075] FIG. 1 is a perspective view of the main unit of an
ultrasound system according to the present invention while
lying on a table and in its simplest configuration as a tablet
PC.



US 2011/0112399 Al

[0076] FIG. 2 illustrates the main unit of FIG. 1 while
transported as a brief case.

[0077] FIG. 3 illustrates a first condition of holding the
main unit during use and with a panoramic orientation of the
screen.

[0078] FIG. 4 illustrates a second condition of holding the
main unit during use and with a portrait orientation of the
screen.

[0079] FIGS. 5 to 8 illustrate several views of the combi-
nation ofthe main unit and of a main unit table support, which
allows positioning the main unit to have the screen approxi-
mately in a vertical position, while in FIG. 8 the main unit is
separated from the support.

[0080] FIG. 9 illustrates the backside of the main unit to
which a saddle like contact part is attached for securing the
main unit to the arm, leaving the hand free from grasping the
handle.

[0081] FIG. 10 illustrates a variant embodiment in which
the elongated member forming the handle is doubled by
attaching a second elongated member to the first one.

[0082] FIG. 11 illustrates a variant embodiment in which
the main unit is attached with its back side to a docking unit.
[0083] FIGS. 12 and 13 illustrate a variant embodiment in
which the elongated member together with the two support-
ing arms are releasably secured to the case of the main unit.
[0084] FIGS. 14 and 15 illustrate the same views as FIGS.
12 and 13 but with an elongated member having a thicker
cross section than the one of FIGS. 12 and 13.

[0085] FIG. 16 illustrates a detail of an example of releas-
able connection means which can be used for attaching the
different add-ons disclosed in the previous figures.

[0086] FIG. 17 illustrates an example of releasable electric
connectors which can be used in combination with the releas-
able connection means.

[0087] FIG. 18 is a block diagram of the software and
hardware structure of the portable ultrasound system.

[0088] FIG. 19 and FIG. 20 illustrate an example of a par-
ticular embodiment of the connector which secures the elon-
gated member to the case of the main unit, and also an
example of the therein integrated conductors for feeding the
power signal to the main unit and or for feeding other electric
signals generated for example by keys or buttons or similar
devices provided on the elongated member.

[0089] FIG. 21 is a schematic example of the lay-out of the
elongated member which is void inside and has three cham-
bers, one of which is for the power feeding circuit connecting
the system to an external power source such as an electric
network, and also for a recharging unit for the battery packs,
while the other two chambers are each for housing each a
battery pack.

[0090] FIGS. 22 to 25 are examples of different GUI
(graphic user Interface) for different applications to be carried
out by the ultrasound system according to the present inven-
tion, which are generated by a software/hardware structure as
disclosed in FIG. 18.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0091] Referring to FIGS. 1 to 4, a portable ultrasound
system comprises a main unit and a probe 2 which is con-
nected to the main unit by means of a cable 5.

[0092] The probe 2 and the cable 5 can be connected to the
main unit by means of usual connectors, which are not illus-
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trated in detail since these connectors are known and widely
used for connecting ultrasound probes.

[0093] The main unit comprises the hardware and software
and the peripherals, which are necessary for driving the probe
2 to transmit ultrasound beams in a body under examination
and to receive ultrasound beams from the body, and which are
necessary for processing the received signals in order to gen-
erate diagnostic images of the inner parts of the body under
examination.

[0094] The hardware of the main unit is housed in a case 1
which has the form of a so called portable tablet PC. In
particular, the case is formed by a thin parallelepiped case
having a front and a back side which are the largest sides. The
front side is formed approximately entirely by a flat screen,
particularly a LCD touch screen, 101.

[0095] In the illustrated example, the front and the back
sides are rectangular. Although this is the preferred embodi-
ment, the invention is not intended to be limited to the present
rectangular form.

[0096] The lateral sides connecting the front and the back
sides are the smaller sides of the case.

[0097] Two arms 3 protruding from two corners at the ends
of one lateral side carry at their ends an elongated member 4.
These two arms departs from the opposite ends of one lateral
side or from an edge of the back side or from two opposite
lateral sides and are oriented in the direction of the back-side
of the case 1 and protrude backwards of the back side, termi-
nating at a certain distance from the back side. Thus, the
elongated member lies at a certain distance backwards rela-
tive to the back side of the case 1 of the main unit.

[0098] Preferably, the two arms 3 have identical lengths, so
that the elongated member is positioned parallel to the back
side of the case and also parallel to one edge of the back side.
[0099] In the present example, the elongated member is
parallel to the longer side of the rectangular back side of the
case.

[0100] Furthermore, the two arms are inclined in such a
way that the elongated member is carried also in a position in
which the elongated member is laterally spaced from the
lateral edge of the back side of the cage, so that the elongated
member does fall outside the boundaries of the back side.
[0101] The elongated member has a cross section which
can be grasped and held by one hand as illustrated in FIGS. 3
and 4.

[0102] As it appears from FIGS. 1 to 4, the particular con-
figuration of the elongated member and its position relative to
the case 1 of the main unit allow the handle to have several
functions. As illustrated in FIG. 1, the elongated member 4
has the function of holding the case inclined when it is placed
on a table, so that the screen at the front side 101 of the case
is inclined in a way ameliorating the sight of the screen. As
illustrated in FIG. 2, the elongated member serves as a handle
for carrying the ultrasound system in a way similar to a
briefcase.

[0103] As illustrated in FIGS. 3 and 4, the elongated mem-
ber 4 serves as a handle for blocking the case of the main unit
in place and supporting the weight of the case by means of the
same arm, the hand of which is grasping the elongated mem-
ber 4.

[0104] According to a preferred embodiment, the length
and the width of the case 1, i.e. the lengths of the edges of the
front and back side of the case 1, are such that they are not
longer than the mean length of the forearm, approximately
from the wrist to the hollow of the elbow.
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[0105] This provides that, when the front and back sides are
rectangular, the case 1 can be held either in the portrait or in
the landscape orientation of the rectangular monitor. When
the configuration of the main unit is such that the elongated
member is positioned parallel to the longer side of the front
and back side of the case, then when the hand holds the
elongated member horizontally or approximately horizon-
tally, the monitor has a landscape orientation and the longest
side of the case opposite to the one at the elongated member
rests on the forearm.

[0106] InFIG.4,the hand holds the elongated member 4 in
a vertical plane and the monitor has a portrait orientation,
which means with the longest side in a vertical direction or in
a vertical plane, while the lower shorter side of the case,
whichis parallel to the lower shorter edge of the monitor, rests
on the forearm. In the configuration of FIG. 3, the arm is
oriented along a direction which is approximately parallel to
an axis which is perpendicular to the elongated member and
parallel to the back side. Preferably, the forearm is approxi-
mately coincident with the central axis of the back side, which
axis is perpendicular to the elongated member 4.

[0107] InFIG.4, the arm is oriented approximately along a
diagonal of the back side of the case 1.

[0108] As it appears from FIG. 9, according to a variant
embodiment, the case 1 may be provided on its back side 201
with means for securing the case to the fore arm.

[0109] The simple means that can be provided are one or
more parallel straps that can be tightened around the forearm.
For example, a strap 6 having a certain width has two ends
106, 206 which carry means for connecting together the two
ends and for tightening the strap. These means can be for
example of the kind of the so called velcro tape, a hook and
loop tape, one part of which is provided on one end 106 and
the other part of the velcro strap is provided on the other end
206 of the strap 6.

[0110] Other kinds of connecting and tightening devices
can be provided as for example the means used for the straps
of the diving masks or for the belts of the backpacks.

[0111] Because the back side 201 of the case 1 is flat,
according to another feature, the strap or the straps 6 are
provided in combination with an anatomical contact part 7.
This part is illustrated in FIG. 9 and is of the saddle like kind,
having a U shaped cross section and a form and dimensions
allowing the forearm to fit therein at least for a part of its cross
section. The ends of the strap 6 departs each one from one of
the arms 107 ofthe U cross section of the saddle like contact
part.

[0112] According to an additional feature, the saddle like
contact part 7 is secured to the back side 201 of the case 1 by
means of a device allowing its rotation along an axis perpen-
dicular to the back side 201. In particular the rotation axis of
the saddle like contact part coincides with the central axis
perpendicular to the back side 201 of the case 1. Many ways
can be provided for allowing a rotation of the saddle like
contact part 7. One example of device 8 for allowing the
rotation of the saddle like contact part 7 is illustrated in FIG.
9 and has two circular plates 108 secured together at their
center in such a way that the two plates can rotate one relative
to the other. One plate is secured to the back side 201 of the
case while the other plate is secured to the saddle like contact
part 7. Furthermore, between the two plated there can be
provided means for provisionally stopping the two plates in
certain angular positions one relative to the other. These
means are not illustrated since many solutions are possible,
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which lie within the choice of the skilled person. As an
example, one plate could be provided on a circular path
coaxial with the axis of rotation with one or more notches or
cuts which are distributed along the circular paths, while the
other plate is provided on the same circular path with one or
more balls, which are housed in a hole and which are pushed
permanently with a certain force against the other plate by
mean of an elastic element such as a helical spring. When
during relative rotation, one with respect to the other, one of
the balls is coincident with one of the notches, the rotation is
stopped and can be continued only by applying a certain
release force, which is needed in order to push back the ball in
the hole and free again the movement of the plates.

[0113] Because the case can be secured tightly to the fore-
arm, the hand must no more grasp tightly the elongated mem-
ber and can merely ensure that the device will not slip away
and fall down, and can also for balance the device on the
forearm. Thus the hand can be used to activate one or more
keys or buttons or the like which may be present on the
elongated member and which can be used for general pur-
poses or for activating special functions during the execution
of a scanning, so that the hand holding the probe 2 is not
necessary and the examination must not be stopped for enter-
ing the command or control needed.

[0114] The elongated member is advantageously empty
inside at least partially and is made in such a way that 1t
provides the housing of one or more battery packs or other
hardware.

[0115] Anexample ofthisconstruction isillustrated in FIG.
21. This figure is very schematic since the constructive
arrangements are a matter falling within the technical general
knowledge of the skilled person.

[0116] FIG. 21 represents only one example of several dif-
ferent configurations which are obvious once one configura-
tion is disclosed.

[0117] Theillustrated elongated member has three separate
chambers. Chamber 104 is configured to house a power feed-
ing circuit indicated with 10, which connects with its input to
aconnector 11 at one external side, particularly one head side
of the elongated member 4. The output of the power feeding
unit 10 is connected to the hardware indicated by 110 in the
case 1 by means of a power feeding line 12, which passes
from the elongated member 4 inside the case 1, by passing
through one arm 3 connecting the elongated member 4 to the
case 1. In the same chamber 104 or in another separated
chamber (not illustrated) one more circuit can be provided,
which can be for example a battery charger 14. The battery
charger 14 can be fed with power by the power feeding unit
10, while its output is connected to a charging connector 114
provided in each of two battery packs housing chambers 204,
304. In this case, 1t is assumed that the battery packs 15 has
charging inputs and power outputs which are separated and
for which in the corresponding housing 204, 304, there are
provided connectors 114 and 17 for automatically connecting
a charging line 18 and a power feeding line 16 to the charging
input and to the power feeding output of the battery pack 15
when it is inserted in the corresponding chamber 204, 304.
[0118] In the present example the two chambers 204, 304
can each house a battery pack independently one from the
other. So the ultrasound system has two so called battery bays
in which a battery pack can be inserted independently if a
battery pack is present or not in the other bay.

[0119] An alternative configuration may consist in that the
power feeding unit and the charger are external devices as in
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the presently known notebook computers, while the chamber
104 is an additional battery housing.

[0120] The chamber 204, 304 are constructed to house
more than one battery pack 15.

[0121] The chambers 104, 204, 304 have an open side
through which they can be accessed. A cover can be provided
for each of the chambers. There might be provided that the
cover is for closing the open side of all or of part of the
chambers.

[0122] A further alternative which can be provided consist
in that the battery packs 15 are stably housed inside the
elongated member 4 and cannot be separated therefrom.
When the battery packs have to be substituted, the entire
elongated member has to be substituted. In this case, the
elongated member can be secured to the case 1 or to the two
arms 3 in a releasable manner.

[0123] Inanother variant embodiment, the elongated mem-
ber 4 forms chambers for housing battery packs or hardware.
These housings can be accessed for substituting the battery
packs or the hardware and may be provided with an elongated
member which is releasable from the case or from the two
arms 3. This may be important for changing the elongated
member in order to mount one elongated member which can
house more battery packs or which has different configura-
tion ofkeys on it or which has different hardware housed in it.
[0124] Several different examples are illustrated in FIGS.
12 to 15 and 19 and 10.

[0125] InFIGS.12to 15, the two arms 3 which support the
elongated member 4 in a cantilevered way from the case 1 of
the main unit has two terminal protrusions 103 at the end
opposite to the one connected to the elongated member. Each
protrusion is provided with a passing hole 203. The case 1 of
the main unit has at each end of its upper lateral side 401,
parallel to which the elongated member 4 has to be held, an
opening for accessing a pocket which extends parallel to the
lateral side 501 perpendicular to the one 401 parallel to which
the elongated member 4 has to be held. That pocket is dimen-
sioned such that the corresponding protrusion 103 can be
inserted therein. The walls forming the lateral sides 501 have
a passing hole coinciding with the hole 203 of the protrusion
103. That hole can pass the pocket from side to side to be
provided into both walls delimiting the pocket, one of which
walls is formed by the wall of the lateral side 501 of the case
1. The hole can be threatened along its entire length or only
for the part provided in the lateral wall of the pocket which is
internal to the case 1. Alternatively the hole 203 in the pro-
trusion 103 is threaded. A screw 20 is provided for being
screwed into the hole in the lateral walls of the pocketorin the
hole 203 of the protrusion 103 of the arm carrying the elon-
gated member 4.

[0126] The electric lines for feeding the power signal from
the power feeding unit, and/or from the battery packs in the
elongated member, and/or for feeding other signals from
other hardware provided in or on the elongated member 4 to
the hardware in the case of the main unit, as illustrated dia-
grammatically in FIG. 21, may pass from the elongated mem-
ber 4 into the case 1 through the arms 3. In the examples
depicted in FIGS. 12 to 15, the arm has a bigger cross section
than the one of the protrusions 103 and is made tubular. The
ends 303 may carry or be conformed as an electric multipolar
connector part cooperating with a complementary electric,
multipolar connector part, which is carried at the lateral side
401 parallel to the elongated member beside the correspond-
ing pocket for the protrusion 103 of each of the arm 3.
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[0127] The connector parts engage each other automati-
cally when the protrusions 103 are inserted in the pockets and
are disconnected automatically when the elongated member 4
with the arms 3 is separated from the case 1 of the main unit.
[0128] The particular construction of the connector is not
illustrated since there are currently available a very large
number of electric connectors which can achieve the above
function and the skilled person only has to make a choice
between the available connectors.

[0129] FIGS. 19 and 20 show a detail which is an alterna-
tive to the above embodiment. Here the connection between
the arms 3 carrying the elongated member 4 and the case 1 are
of the snap-in type.

[0130] Also in this case there could be plenty of construc-
tions and the one of FIGS. 19 and 20 represents only one
example. In this example the connection is of the kind known
for example for belts or for shoulder straps of a back packs or
for the securing straps of professional fins having an open
shoe part.

[0131] A pocket like part 30 is secured to each wall of the
opposed lateral sides 501 oriented perpendicular to the elon-
gated member 4 and parallel to the arms 3. The pocket has an
opening which is oriented towards the arms 3. Each arm 3 has
a protrusion 103' which is configured to be inserted in the
pocket-like part 30.

[0132] Thepocketlike part 30 has two openings 131 in each
of its lateral sides which are perpendicular to the side 501 to
which they are secured. The openings form an engaging edge
231 for a corresponding engaging tooth 331 which is carried
at the end of an elastic tongue 431 of the protrusion 103'. The
protrusion has two elastic tongues 431, which are oriented
parallel to the direction of insertion in the pocket 30 and
which are eccentric and symmetrically positioned relatively
to a central longitudinal axis of the protrusion, which is a
central axis parallel to the direction of insertion in the protru-
sion 103" in the pocket part 30. Each elastic tongue 431 is
flexible in a direction perpendicular to the longitudinal cen-
tral axis and against the longitudinal central axis, and carries
the tooth 331 on its lateral side facing the lateral side of the
pocket part 31. In their normal rest position, the tongues are
oriented in such a way that the rear fronts of the teeth are
aligned with the engaging edge 231 of the openings 131 in the
lateral sides of the pocket part 30. The end of each tooth is
beveled in such a way as to form asliding surface of the lateral
side of the opening of the pocket part 30 along the tooth, so
that automatically the tongues 431 are bent one against the
other allowing the protrusion 103" to enter the pocket like part
30 and slide therein till each one of the two tooth 331 are
coincident with the corresponding opening 131 in the lateral
wall of the pocket like part and the tongues are free to spring
up laterally outwards. Thereby, each tooth is automatically
engaged in the opening 131 and its rear side is aligned with
the retaining edge 231 of the corresponding opening 131.
[0133] For freeing the protrusion 103' it is sufficient to
press, with the hands, the teeth one against the other and
displace them below the retaining edge so that the protrusion
103’ can slip out from the pocket.

[0134] A particular multipolar electric connector can be
provided in combination with this kind of mechanical con-
nector. The protrusion 103" has a central longitudinal element
631 one of the lateral outer walls or both the lateral outer walls
of the longitudinal element 631 carry several longitudinal
electric contacts 731, each connected to a conductor which
passes inside the central longitudinal element 631 and
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through the corresponding arm 3 inside the elongated mem-
ber 4. The pocket like part 30 is provided with a central guide
831 for the central longitudinal element 631, which central
guide is channel like and has lateral walls, each carrying a
corresponding number of electric contact 931 in such a posi-
tion that each contact will be coincident and will be in contact
with a corresponding electric contact 731 on the central lon-
gitudinal element 631 of the protrusion 103' when the protru-
sion 103" is inserted in the pocket like part 30 with its end
position. Each contact 931 is connected to the hardware in the
case 1 by means of a conductor passing inside the case 1
through passages in the pocket like part 31 and in the lateral
wall 501 to which this part is secured.

[0135] Advantageously, as shown in the drawings, the elec-
tric contacts 731 and 931 are of the kind having an elastic
contact terminal 1031, which is urged elastically in a position
protruding outwards from the surface of the central longitu-
dinal element 631 and from the lateral walls of the central
guiding channel 831 in which the central longitudinal ele-
ment 631 of the protrusion 103' of the arm 3 slides when the
protrusion is inserted in the pocket like part 30. These pro-
truding elastic contact terminals 1031 can have an arched
form, so that they are invited to slide one over the other when
the electric contacts 731 and 931 come to slide one over the
other.

[0136] As it appears from FIGS. 12 to 15, the present
releasable elongated member 4 allows providing different
kinds of elongated elements having the same arms 3 and the
same kind of protrusions 103, 103' so that different kinds of
elongated elements 4 can be mounted on the case 1.

[0137] Here, for example, the two elongated elements 4 of
FIGS. 12 and 13 and of FIGS. 14 and 15 differ one from the
other in that they have different cross sections. The elongated
element of FIGS. 14 and 15 has a cross section which is
approximately double in size of the area than the cross section
of the elongated member of FIGS. 12 and 13. This allows
having a bigger number of chambers or a bigger chamber for
housing more battery packs and/or more hardware in the
elongated member 4, and/or also more keys or buttons or
commands. When a long endurance of the battery packs isnot
needed, the thinner elongated element 4 can be mounted on
the case. When more endurance or more power is needed, the
thicker elongated member can be mounted on the case. Also,
if different additional functions such as for example commu-
nication hardware and/or additional driver units for writing
and reading memory supports or additional hard disks units or
other devices are needed, a particularly configured elongated
member carrying the additional devices can be mounted on
the case 1.

[0138] According to a further embodiment of an ultrasound
system according to the invention, which is illustrated in FIG.
10, a second elongated member 4' can be attached to a first
elongated member 4, which is attached to the case 1 by means
of the arms 3 either in a stable or in a detachable or releasable
manner as described above. The second elongated member 4'
serves as a case for further battery packs or further hardware
according to the different constructions disclosed above for
the first elongated member 4. In this case, the power feeding
lines, and/or other communication lines of the hardware
housed in the second elongated member 4' for connecting the
battery packs, and/or the hardware housed in the second elon-
gated member in the case of the main unit, passes through the
first elongated member 4. This is done by means ofan electric
connector of the kind used for connecting a docking station
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with its notebook computer. In particular a two part connector
is provided, a first of the connector parts being provided on
the side of the first elongated member 4 against which a facing
side of the second elongate member 4' comes into contact
when the second elongated member is attached to the first
one. A second connector part is provided on the side of the
second elongated member facing the side of the first elon-
gated member 4, against which the second elongated member
4' comes into contact with the first elongated member 4.

[0139] Particularly advantageous is a connector as the one
illustrated in FIG. 17. Here the side 604 of the first elongated
member 4 has a slot 704, in which a plurality of contact
terminals 804 are aligned forming arow of contacts which are
oriented with their surfaces of contact to the contact terminals
804' of the second elongated member in a plane perpendicular
to the side 604 of the first elongated member 4, i.e. perpen-
dicular to the side of the first elongated member against which
a facing side 604' of the second elongated member 4' is
brought in contact when the two elongated members are
attached one to the other.

[0140] The second elongated member 4' is provided, in a
position coincident with the slot, with a connector plate 704'
carrying a row of contact terminals 804'. The contact termi-
nals 804' are oriented parallel with the contact terminals 804
of the connector part provided on the first elongated member
4 and laterally shifted in such a way that each of the contact
terminals in the slot 704 of the first elongated member 4 will
slide against a corresponding contact terminal 804' on the
connector plate protruding out of the side 604' of the second
elongated member 4'. The contact plate 704' is parallel to the
slot and to the surface in the slot 704 carrying the row of
contact terminals 804. Each contact terminal 804, 804' can be
further formed by a flexible tongue which is arched along an
axis perpendicular to the direction of engagement of the con-
tact plate 704" in the slot 704. The arched tongues of the
contact terminals 807 in the slot protrude in the direction of
the arched contact terminals 804' on the connector plate 704'
of the second elongated member 4' such that the arched
tongues of the contact terminals 804 and the one of the contact
terminals 804' interfere one against the other, so that each
contact terminal 804 and the corresponding contact terminal
804" are pressed elastically one against the other in the
engaged condition of the two parts of connector.

[0141] When the second elongated member is brought
against the first elongated member 4 by aligning the two
connector parts, they will be automatically engaged one in the
other.

[0142] The first elongated member 4 can be provided with
an additional power line for the additional battery packs of the
second elongated member 4', or the output of the power lines
in the second elongated member can be connected to the
power lines of the first elongated member 4 so that an exten-
sion of the already present power line network is generated.

[0143] Similarly the communication lines of the additional
hardware housed in the second elongated member can be
connected to separate communication lines already provided
in the first elongated member 4, which are dedicated to the
additional hardware, or the communication lines provided in
the second elongated member 4' can be connected with the
communication lines of the first elongated member 4 forming
an extension of a communication network which is common
to every additional hardware in both the two elongated mem-
bers 4, 4'



US 2011/0112399 Al

[0144] Ttistobenoted thatnotonly two elongated members
4, 4' can be attached one to the other mechanically and elec-
trically, but also three or more additional elongated members
can be attached in a cascade one to the other and to the first
elongated member.

[0145] The mechanical attachment can be made by means
of releasable means such as the ones illustrated as an example
in FIG. 16. One of the two elongated members, and in par-
ticular the second or a further one 4', carries on the side to be
brought into contact with a side of the first elongated member
4 a hook 40, which is provided on a pin 41 protruding per-
pendicularly out of a housing 42 through an opening of the
housing, on the side of the second elongated member 4'
designed to come into contact with a side of the first elongated
member 4. The pin 41 is carried by a cursor 43, which is
mounted slidably in a guide 44. The guide 44 is oriented with
its longitudinal axis perpendicular to one of the head sides of
the elongated member, where it is open, allowing the end of
the cursor 43 to protrude out of the opening and to operable by
mean of the fingers. An elastic element maintains the cursor
43 in a position in which it protrudes out of the opening of the
guide 44, and the hook 40 at the end of the pin 41 is in a
position of engagement of a retaining edge 45, which is
formed by an undercut in a lateral wall of a notch 46. The
notch 46 is provided in the side wall of the first elongated
member 4 designed to be brought into contact with a wall of
the second elongated member 4' when the two elongated
members are attached one to the other. The notch 46 and the
hook 40 are provided in coincident positions when the two
elongated members are attached one to the other. The hook
preferably has a rounded head, which helps in being auto-
matically driven to engage the retaining edge 45 when the two
elongated members 4, 4' are brought with their facing sides
into contact one with respect to the other.

[0146] In order to release the two elongated members one
from the other, the hook 40 can be disengaged from the
retaining edge 45 of the slot 46 by pushing on the head of the
cursor 43 protruding out of the opening of the sliding guide
44.

[0147] The above description is merely an example for
demonstrating that mechanical releasable attachment means
can be provided for connecting mechanically the two elon-
gated members one to the other.

[0148] The second elongated member 4' can have the same
form as the first elongated member 4.

[0149] A further variant embodiment, which can be pro-
vided separately or in combination with any of the previously
disclosed combinations of features, consist in the provision of
asecond case 1' which has the form and the dimensions of the
case 1 of the main unit and which further has the function of
providing additional housings for more battery packs and or
additional housing for more hardware.

[0150] Despite the shape and the dimensions, which are
such that the second case 1' can be releasable attached with its
front side 101" to backside 201 of the case 1 of the main unit,
similar features can be provided for this second case 1' as
those disclosed for the second elongated member 4'. Indeed,
the way and the construction, which apply for connecting
mechanically one case to the other and for generating electric
connections of the battery packs of the additional case 1'
and/or of the additional hardware to the hardware of the main
unit housed in the case 1, can be the same as those disclosed
by means of FIGS. 16 and 17 for the second elongated mem-
ber. Relative to the construction of the additional case 1', with

May 12,2011

reference to the housings for the battery packs and for addi-
tional hardware, similar features can be provided as those
illustrated and described for the elongated members in FIG.
21.

[0151] The present embodiment further enhances the pos-
sibilities and flexibility of the configuration of the device
relative to the endurance of the power supply and to its
weight.

[0152] Similarly to the construction of the elongated mem-
ber 4, more than only one additional case 1 can be provided.
Each of the additional cases carry the hook means on one side
and the notches on the other side, so that a second additional
case can be attached to the back side 201" of a first additional
case, which in turn is attached to the case 1 of the main unit.
[0153] In still another embodiment, the saddle like contact
part 7 can be secured to the back side of the case in a releas-
able way thanks to releasable attachment means which can be
of any kind, being many different attachment means known to
the skilled person.

[0154] This allows connecting the case 1 to several other
supporting devices, which enables a correct or optimized
positioning of the device.

[0155] With reference to FIGS. 5to 8 and 12to 15, a table
base 70 is provided in combination with the case 1 of the main
unit, which allows positioning the case 1 with the front side
formed by the monitor screen substantially in a vertical posi-
tion. The table base has two horizontal feet 170, which are
linked with one of their ends to the end of an intermediate
supporting lever 270. At its end the supporting lever 270
carries a back plate 470, to which a lower supporting saddle
370 is secured in a rotatable manner around an axis which is
perpendicular to the back plate 470. The lower supporting
saddle 370 1s provided at such radial distance from the axis of
rotation that when the case 1 of the main unit is positioned
with its lower horizontal side in the saddle 370, the axis of
rotation is approximately coincident with the central axis
perpendicular to the back side of the case 1. The saddle 370
extends till to the central area of the back side of the case 1, at
which it is linked in the rotatable way to the back plate 470
and at which it has releasable connecting means to the back
side of the case 1.

[0156] Thanks to this construction while lying on the table
base, the case 1 can be freely rotated and the user is able to
orient the monitor screen to a landscape or to a portrait posi-
tion.

[0157] The hardware driving the monitor of the main unit
can advantageously have automatic means for detecting the
orientation of the screen of the monitor relative to the land-
scape or portrait orientation, which automatically adapts the
image visualized on the screen to the orientation of the screen.
These means are known and are for example gravity sensors.
[0158] Bothinthe case ofthe table base 70 and ofthe saddle
like contact part 7, additional box like cases may be provided,
which can be mounted releasably in an intermediate position
between the back side of the case 1 and the side of the table
base or of the saddle like connection part 7 facing the back
side 201 of the case 1. Each box like case can carry different
hardware or more battery packs. One or more of the box like
cases can be provided such that a row of the one or more
boxlike cases, secure one to the back of the other, is mounted
to the back side of the case 1 and the row of box like cases and
the table base or the saddle like connection part are attached.
[0159] Here the releasable way of fixing the intermediate
boxlike cases can be the same as the one described above for
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the two or more elongated members 4, 4' or the two or more
cases 1, 1" according to the configuration of FIGS. 10 and 11
and 16 and 17.

[0160] Inanother embodiment of the present invention, the
portable ultrasound system has a completely graphical user
interface. In this case the screen is of the touch screen kind
and is able to receive commands by touching the screen with
different control keys, buttons, switches and cursors in the
form of graphic symbols representing the keys, buttons,
switches and cursors. Selecting means are provided for
selecting at least one specific application within a list of
applications which are available on the portable echographic
system, means being provided for loading and executing a
specific graphic user interface program which generates on
the screen the images of only the keys, buttons, switches and
cursors that are needed for carrying out the tasks related to the
selected specific application.

[0161] In a portable echographic system according to the
invention, different electronic units for carrying out specific
tasks are substituted by a central processing unit capable of
executing different programs and of carrying out different
tasks, at least a memory being provided in which there are
saved different programs for controlling the central process-
ing unit in order to carry out different specific tasks related to
the functions of an echographic system. One or more of the
different programs for carrying out specific tasks are loaded
by the central processing unit and executed by it when a
certain specific application has been selected by the user.
[0162] FIG. 18 is a simplified block diagram illustrating
this structure. The structure is a typical hardware/software
architecture. The hardware 80 comprises generic hardware
180 in the form of a processing section capable of memoriz-
ing and executing control programs. The control programs
281, 381, 481, 581 and 681 are of two kinds. Control pro-
grams 281 and 381 are general setup programs such as man-
agement programs or hardware configuration or setup pro-
grams. Control programs 481 to 681 are virtual ultrasound
machines, in the sense that routines are provided which, when
executed by the generic hardware and if necessary by a spe-
cific hardware drive, the generic hardware carries out specific
imaging application oriented functions and activates the spe-
cific hardware if it is necessary for some very particular
application specific functions. Furthermore each control pro-
gram drives the touch screen to generate on it a graphic user
interface, which comptises icons representing specific keys,
buttons, cursors and other controls that are needed for the
specific imaging application to which the virtual machine
represented by the control program is directed. The keys,
buttons, cursor icons and the eventually additional icons of
other kind of manual controls can be activated manually by
means of the touch screen in such a way to operate like the
corresponding physical hardware devices.

[0163] So, for example, if only bi-dimensional B-mode
imaging is needed, the main control program will be provided
with a selection/activation function of a corresponding con-
trol program, which is loaded and executed by the hardware
80. According to the control program, a specific graphic user
interface is generated on the screen having active icons of
control keys, buttons, cursors and/or other manual control
devices for controlling an imaging apparatus capable of only
acquiring, processing, visualizing and saving B-mode
images.

[0164] If, for example, the application relates to the deter-
mination of vascular flux, if this specific application is pro-
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vided in the system, then a particular control program selec-
tion and activation button will be available which will charge
in the hardware 80 a corresponding control program that
relates to a corresponding virtual ultrasound apparatus having
the functions of operating in the so called Doppler or Power
Doppler-mode. Other functions which are not needed will be
not present in the virtual ultrasound apparatus specialized for
determining blood flux.

[0165] Theseare only two examples that can be of use to the
skilled person in understanding the basic idea of the hard-
ware/software structure of the present ultrasound system.
Starting from this, the skilled person is able to construct any
kind of specific application oriented machine and then the
control program for generating the corresponding virtual
machine.

[0166] FIG. 22 illustrates diagrammatically the appearance
of an example of the graphic user interface of a main control
program.

[0167] Here, on the touch screen 82 a list of options
appears, each of the options being associated to a selection
and activation representation of a virtual key or button and
each of the virtual key or button corresponding to an active
area of the touch screen, which, when touched, will cause the
main control program to address the specific application con-
trol program corresponding to the option selected and to load
this control program in the operative memory of the hardware
to execute this application specific control program.

[0168] In FIG. 22, seven selection and activation keys are
shown as the graphic user interface of the main control pro-
gram. Two of these correspond to the setup control programs
which are indicated with 281 and 381 in FIG. 21 such as the
power management setup and the hardware configuration
setup. The other five keys are related to five different appli-
cation specific configurations of an ultrasound system.
[0169] FIGS. 23 to 25 illustrate three different graphic user
interfaces corresponding to three different virtual machines
generated by three different application specific control pro-
grams such as, for example, the ones indicated with the
numerals 481, 581 and 681 in FIG. 21.

[0170] As it appears clearly, the graphic user interface
printed on the touch screen comprises different visualization
areas of one or two images indicated by 190, 290; different
numbers of keys indicated with the numerals 390 and differ-
ent numbers of signal lights indicated by the numeral 490;
different numbers of cursors indicated by the numeral 590.
Furthermore, the keys 390, the lights 490 and the cursor 590
have different positions on the area of the touch screen as also
the image visualization areas 190, 290. Additional areas 690
of the screen 90 can be provided for visualizing more infor-
mation in the form of an alphanumeric text.

[0171] The advantages of the above described architecture
are first of all that there is no mechanical control to be acti-
vated or driven by the user, so that there is no problem of long
term damages to mechanical devices. Furthermore, a hard-
ware configuration would require that a certain number of
keys buttons, levers, or other control means that can be acti-
vated manually have to be present, which for a specific appli-
cation would be superfluous. Using a graphic user interface
the configuration of the manually driven control means can be
changed every time in a way which is specific to the imaging
application to be carried out, so that the configuration of the
machine representing the ultrasound system can be limited
every time to the provision of the very essential manual con-
trols and thus to the very essential functions.
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[0172] Beside savingin the dimensions of the touch screen,
in the computational power and in the memory space and thus
in the electric power consumption, every graphic user inter-
face corresponding to a certain application specific configu-
ration of the ultrasound system is very simple to use. It is also
very simple to learn to use the application specific ultrasound
system, since the keys, buttons, cursors and the other com-
mands are limited to the ones needed for controlling the
application specific machine that is being selected.

[0173] In loading the different control programs corre-
sponding each to an application specific configured ultra-
sound apparatus, the generic hardware is controlled to carry
out functions which in the currently known devices are car-
ried out by dedicated hardware. Only very specific functions
will need specific hardware, which will have its correspond-
ing software to be correctly driven in combination with the
functions carried out by the generic hardware controlled by
the control program.

[0174] In regard to the above description, it has to be
emphasized that only some examples are considered among a
great number of possible choices.

[0175] A possible list of applications, for each one of which
a specific virtual machine is provided in the form of a specific
control program generating also a dedicated layout of con-
trols that is optimized relative to the specific application,
comprises the following applications:

[0176] Regional Anesthesia including Nerve Blocking and
Vascular Access;

[0177] Veterinary including large and small animals;
[0178] Advanced Vascular including Blood Vessel Thick-
ness and Stiffness;

[0179] Musculoskeletal including Wound View, Sports
Medicine and Phlebology;

[0180] Esthetical surgery including Fat Thickness and
Botox treatment.

[0181] The provision of an application specific layout of
the control interfaces to the apparatus, which limits the con-
trols to those that are really necessary for controlling the
application specific tasks and functions, allows also generat-
ing very simple tutorials which are in the form of executable
tutorial programs and which are each dedicated each to a
specific application. Particularly, each tutorial is a complete
demo of the way of using the ultrasound system in an appli-
cation specific configuration. Furthermore, because the appli-
cation specific control programs does not need a huge amount
of memory and computational power, each of the programs
can also be provided with online help, which can print on the
screen help messages either automatically or by a request
command.

[0182] Coming to the detail of the hardware, the generic
hardware can be of the kind of a processing unit such as a
computer motherboard with an integrated video and audio
chip, a communication bus with hard drives, A PCI bus for
connecting several peripherals, USE and/or Parallel and/or
serial and/or network communication hardware and ports, a
solid state memory for loading the control programs to be
executed, and a processor. The touch screen is connected to
the video chip and has its own processor and a GPU (graphic
processing unit). According to an additional feature of the
present invention, in order to limit the size and expenses of the
hardware and also the weight of the device without losing
computational power, some routines of the control programs
representing the virtual apparatuses, which are functional
units consisting in software that drives the generic hardware
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to carry out the functions of the corresponding unit, are gen-
erated to be carried out by the GPU instead of the CPU
(central processing unit). A particular example consists in
providing a software scan-converter, which is the software
version of the currently used hardware scan converter. This
software scan-converter is executed by the GPU using zero
CPU resources. Since the GPU has a considerable computa-
tional power, which is normally not completely exploited in
this case, some computational work is passed from the CPU
to the GPU so that the CPU is free to carry out other tasks.

What is claimed is:

1. A portable ultrasound diagnostic system comprising:

a probe configured to transmit and receive an ultrasonic
signal to and from a region of interest;

a main unit comprising circuitry in communication with
said probe and configured to form an image of the region
of interest based on the ultrasonic signal; and

a display configured to display the formed image;

wherein the probe is connected to the circuitry in the main
unit by a cable connection;

wherein the main unit has a weight supportable by one arm;

wherein the main unit is provided with a handle configured
to be grasped by one hand,

wherein the main unit has a case in the form of a tablet
computer, having a front side formed by a display and a
rear side, the main unit further having a handle;

wherein the handle is formed by an elongated member
secured to the case of the main unit by arms cantilevered
and protruding from the case in a direction of the rear
side of the case of the main unit and terminating behind
the rear side, and

wherein the elongated member forming the handle extends
at a certain distance behind the rear side of the case of the
main unit and is nearer to one of two opposite peripheral
edges of the case of the main unit such a way that, when
the hand grasps the handle, the case of the main unit
leans against a forearm connected to the hand, an entire
weight of the main unit being carried by the forearm, the
hand having only a function of blocking the case of the
main unit in position.

2. The portable ultrasonic system according to claim 1,
wherein the main unit case is shaped as a flat parallelepiped
with two larger sides which form a front and a back side, and
which are connected by smaller sides that form lateral sides.

3. The portable ultrasonic system according to claim 2,
wherein the front side is formed substantially entirely by a
touch screen, and wherein a key, a button, a cursor, or other
kind of manually driven control is shaped as a graphic object
at an active area of the touch screen, whereby when the active
area is touched, a corresponding behavior and function of the
key, the button, the cursor or of the other kind of manually
driven control is activated.

4. The portable ultrasonic system according to claim 2,
wherein the front and the rear sides of the case of the main unit
are rectangular.

5. The portable ultrasonic system according to claim 1,
wherein the elongated member forming the handle is pro-
vided at a distance from a peripheral lateral edge of the case
of the main unit on an opposite side of a second lateral
peripheral edge of the case nearer to the elongated member,
the distance being not longer than an average distance from a
palm of the hand to a hollow of an elbow connected thereto.

6. The portable ultrasonic system according to claim 5,
wherein the distance of the elongated member from the lateral
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peripheral edge on the side of the case opposite to the second
lateral peripheral edge is adjustable by securing the arms
supporting the elongated member to one or more of the case
of the main unit or ends of the elongated member in a swing-
able way.

7. The portable ultrasound system according to claim 1,
wherein the arms supporting the elongated member are tele-
scopically adjustable in length.

8. The portable ultrasound system according to claim 1,
wherein the elongated member is hollow and forms a case
configured to housing at least one or more of part of the
circuitry of the main unit or one or more battery packs.

9. The portable ultrasound system according to claim 8,
wherein the elongated member is in the form of a case con-
figured to house interchangeable battery packs, an opening
being provided in the elongated member which allows the
battery packs to be extracted from or inserted into a common
chamber of the elongated member.

10. The portable ultrasound system according to claim 8,
wherein the elongated member forms an enclosure for the
battery packs and electric wires configured for fixed mount-
ing of the battery packs.

11. The portable ultrasound system according to claim 8,
wherein the elongated member has one or more chambers
each provided with an electric contact configured to coopet-
ate with an electric contact of a battery pack, the battery pack
having predetermined dimensions and a shape corresponding
to dimensions and to shape of a corresponding chamber such
that, when the battery pack is housed in the corresponding
chamber, contact of the battery pack is urged against the
contact provided in the corresponding chamber.

12. The portable ultrasound system according to claim 11,
wherein electric cables feeding power to the circuitry inside
the case of the main unit pass inside one or both of the two
arms and further inside the case of the main unit.

13. The portable ultrasound system according to claim 8,
wherein the elongated member has several separated cham-
bers each configured to house one or more battery packs
which are fewer that a total number of battery packs housable
in the elongated member, each chamber having a opening
shaped for inserting and extracting a corresponding battery
pack or battery packs and further having a removable member
closing the opening, each of the chambers being provided
with contact terminals of a power feeding line which is con-
nected to a power input of the main unit by conductors pass-
ing through one or both of the arms linking the elongated
member to the case of the main unit.

14. The portable ultrasound system according to claim 8,
wherein the elongated member has one or more chambers in
which a power feeding circuit is housed, the power feeding
circuit being connected to an external power network or
source and having an output connected to a power feeding line
of the main unit, the power feeding line being provided in the
elongated member.

15. The portable ultrasound system according claim 14,
further comprising a battery pack recharger which is fed by
the power feeding circuit and which is connected to the bat-
tery packs in the elongated member by the power feeding line
present in the elongated member or to a separate recharging
line provided in the elongated member and branching in each
of the chambers housing the battery packs, wherein the
recharging line in the chambers has terminal contacts which
are electrically connectable to recharging inputs of each of the
battery packs.
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16. The portable ultrasound system according to claim 1,
wherein the elongated member carries at least one or more
control buttons or keys, which are connected to the circuitry
of the main unit and generate and send commands to the main
unit and activate or deactivate functions of the portable ultra-
sound system.

17. The portable ultrasound system according to claim 1,
wherein the elongated member forming the handle is oriented
advantageously parallel to a peripheral edge of the display.

18. The portable ultrasound system according to claim 1,

wherein the case of the main unit is configured to be carried
easily either in a portrait or in landscape orientation of
the display, and

wherein the case has a rectangular parallelepiped shape,
and in the landscape orientation the elongated member
forming the handle of the case of the main unit is hori-
zontal, and in the portrait orientation the elongated
member is contained in a vertical plane, and order to
have a secure support of the case in both the portrait and
landscape orientations, a length of the case ina direction
parallel to a longitudinal axis of the elongated member is
less than twice an average distance from a palm of the
hand to a hollow of an elbow connected thereto.

19. The portable ultrasound system according to claim 18,
further comprising:

manually activable control means provided on the elon-
gated member, such to facilitate carrying the main unit,
reduce stress or work of the hand to firmly block the case
grasping the handle and allow use of the hand for press-
ing the manually activable control means arranged on
the elongated member;

an attachment member provided for said case of the main
unit, said attachment member being mountable around a
forearm of a system user such that said display is visible
to the system user during use, said attachment member
being tightenable around the forearm for securing the
case to the forearm.

20. The portable ultrasound system according to claim 19,
wherein the attachment member is formed by at least one
strap secured to the rear side of the case of the main unit, the
strap having two ends which are configured to be secured to
one another, the strap being tightenable around the forearm.

21. The portable ultrasound system according to claim 20,
wherein the at least one strap is provided in an intermediate
position between the elongated member and the side of the
case of the main unit opposite to the side nearer to the elon-
gated member.

22. The portable ultrasound system according to claim 20,
wherein the at least one strap is configured to be secured to the
rear side of the case of the main unit such to make the case
rotatable around an axis perpendicular to the rear side of the
case of the main unit, and such that the main unit is rotatable
to the portrait and landscape orientations of the display when
the strap is tightly secured to the forearm.

23. The portable ultrasound system according to claim 19,
wherein the attachment member comprises a combination of
a strap and an anatomic saddle-shaped contact part which is
fitted onto the forearm, the saddle-shaped contact part being
rotatably securable to the rear side of the case of the main unit
around an axis perpendicular to the rear side.

24. The portable ultrasound system according to claim 23,
wherein the saddle-shaped contact part is configured to be



US 2011/0112399 Al

releasably stopped in one of at least two angular positions
corresponding to the portrait and landscape orientations of
the display.

25. The portable ultrasound system according to claim 1,
further comprising, in combination with the case of the main
unit, at least one or more additional cases secured with their
front sides to a back side of a neighboring case, the one or
more additional cases housing one or more additional battery
packs, additional hardware, an additional peripheral or mass
storage device;

wherein the one or more cases are releasably connected

mechanically and electrically with power feeding lines
and communication lines in the one or more cases and in
the main unit.

26. The portable ultrasound system according to claim 25,
further comprising at least one additional elongated member
that is configured to be mechanically secured to the elongated
member forming the handle and that is shaped as an enclosure
in which the battery packs are stably housed or as a case for
housing battery packs, such that the battery packs are extract-
able from and insertable in the additional elongated member
for substitution with charged battery packs.

27. The portable ultrasound system according to claim 1,
wherein the elongated member forming the handle is releas-
ably secured to the case of the main unit, two or more different
elongated members being provided which are different in size
one from one another such to house a different number of
battery packs;

further comprising releasable attachment means of the

elongated members having a same shape and dimen-
sions for every different elongated member so that each
of the elongated members is securable to the case of the
main unit.

28. The portable ultrasound system according to claim 27,
wherein the elongated member is releasably secured to the
case of the main unit with releasable snapping means, screw-
connections, or combinations thereof,

29. The portable ultrasound system according to claim 1,
further comprising an additional electric power unit shaped as
adocking unit or integrated in a docking unit, the docking unit
having a case with front and back sides of a same form as the
front and the rear sides of the case of the main unit and with
a certain thickness, the case of the docking unit and the case
of the main unit mechanically and releasably securable to one
another and further releasably connecting together power and
or comntunication lines provided in both the case of the main
unit and the case of the docking unit.

30. The portable ultrasound system according to claim 29,
wherein the docking unit houses additional peripherals com-
prising one or more of special computing circuitry, storage
devices, reading/writing devices of portable storage media,
modems or other communication hardware, ports for connec-
tion of peripherals, hardware and ports for the connection to
a network, or other devices.

31. The portable ultrasound system according to claim 23,
further comprising one or more of additional battery packs or
additional hardware housed in the saddle-shaped contact part.

32. The portable ultrasound system according to claim 31,
wherein the saddle-shaped contact part is releasably secured
to the rear side of the case of the main unit, two or more
saddle-shaped contact parts being provided which differ from
one another in dimensions so house one or more of a different
number of battery packs or one or more different additional
hardware units.
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33. The portable ultrasound system according to claim 31,
wherein the said saddle-shaped contact part is constructed as
aunit formed by several parts mountable one to another when
needed, further comprising an additional case securable in an
intermediate position between the saddle-shaped contact part
and the rear side of the case of the main unit, the additional
case having one side connectableto the rear side of the case of
the main unit using same connection means as on the saddle-
shaped contact part, the additional case being connectable to
the saddle-shaped contact part using same connection means
as on the rear side of the case of the main unit.

34. The portable ultrasound system according to claim 33,
wherein more than one additional case is provided, each of the
additional cases being securable to another additional case
and in an intermediate position between the saddle-shaped
contact part and the rear side of the case of the main unit.

35. The portable ultrasound system of claim 1, wherein
there is only a completely graphical user interface for input-
ting manual commands.

36. The portable ultrasound system according to claim 35,
further comprising a monitor screen configured as a touch
screen that receives commands by touching the touch screen;

wherein different control keys, buttons, switches, cursors,
or other kind of hand operable control means are in form
of graphic symbols representing the keys, buttons,
switches, cursors, or other hand operable control means;

further comprising,

selecting means for selecting at least one specific applica-
tion within a list of application which are available on
the portable ultrasound system; and

means being provided for loading and executing a specific
graphic user interface program which generates on the
touch screen images of only one or more of the keys,
buttons, switches, cursors, or of other hand operable
control means needed for carrying out tasks related to a
selected specific application.

37. The portable ultrasound system according to claim 36,
wherein a central processing unit executes different control
programs and carries out different tasks, at least a memory
being provided in which there are saved different programs
for controlling the central processing unit for carrying out
specific tasks related to functions of an echographic system,
one or more of the different programs for carrying out the
specific tasks being loaded and executed by the central pro-
cessing unit when a specific application has been selected by
auser.

38. The portable ultrasound system according to claim 37,
whereina main control program is loaded and executed by the
central processing unit and prints on a display screen a list of
applications available with the portable ultrasound system,
graphic user interface comprising icons of keys, buttons,
switches, cursors, or other control devices related to general
fanctions; and

wherein the main control program addresses, depending on

achoice made with menus, programs for carrying out the
specific tasks related to the applications, configuration,
or adjustment options chosen by the user.

39. The portable ultrasound system according to claim 38,
further comprising a control program saved in the memory
and available for being executed by the central processing
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14
unit, the control program comprising an application specific 40. The portable ultrasound system according to claim 38,
tutorial program for the user that is available in aready to start ~ wherein, in order to spare electric power and maintain a
condition of the portable ultrasound system; limited weight without affecting computational power of the
wherein the control program prints on the screen a graphic system needed by hardware for executing programs and car-
user interface with a key icon which addresses the tuto-  rying out tasks of the system, a part of the tasks to be carried
rial program and which, when touched by the user, out by the central processing unit (CPU) are carried out by a

causes the control program to load the tutorial program  graphic processing unit (GPU).
and the central processing unit to execute the tutorial
program. ok ok ok &
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