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(54) PORTABLE ULTRASONIC IMAGING DEVICE

(57) A portable ultrasound imaging apparatus is pro-
vided, being operable when used in hand-held mode,
and capable of performing operations such as starting
and ending actions easily, even during an examination.
The portable ultrasound imaging apparatus has a display
panel 30 and an operation panel 20 on the front surface
of a main body 10 that incorporates an electronic circuit
constituting an ultrasound imager, and a handle on the

back surface, and the apparatus is provided with oper-
ating portions 81 and 82 on the back surface, separated
from the operation panel 20. The operating portion 81
may be provided on the handle 60, for instance, and while
performing examination with holding the apparatus main
body via the handle 60, the operating portion on the back
surface is manipulated to implement functions such as
starting and ending the imaging.
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Description

Technical Field

[0001] The present invention relates to a portable ul-
trasonic imaging device, and in particular, it relates to a
portable ultrasonic imaging device that allows manipula-
tion while holding the apparatus by a single hand.

Background Art

[0002] An ultrasonic imaging apparatus is widely used
as a medical image diagnostic apparatus, relatively sim-
ple and non-invasively applicable, and various types of
portable ultrasonic diagnostic apparatus have been de-
veloped, being available not only in a laboratory within a
hospital, but also in a hospital room or out of hospital. By
way of example, a notebook ultrasound diagnostic ap-
paratus is put into practical use, having a structure that
couples a display panel with an operation panel at one
end in an openable and closable manner, the display
panel being configured to display an image, and the like,
taken by the ultrasonic diagnostic apparatus, and the op-
eration panel being configured to input instructions nec-
essary for ultrasonic examination. In addition, an ultra-
sound diagnostic apparatus being configured in such a
manner that a main body provided with the operation
panel is coupled to the display panel via hinges is also
put into practical use (e.g., Patent Document 1, etc.).
[0003] In general, a usage pattern of those kinds of
portable ultrasound diagnostic apparatus is to place the
apparatus on a table such as a desk. In the case of the
aforementioned notebook ultrasound diagnostic appara-
tus, the main body is placed on the table in such a manner
that the operation panel faces upward, and the display
panel is opened. Then, an ultrasound probe connected
to the main body is applied to an examination region of
a patient, and the examination is conducted while ma-
nipulating the operation panel, along with checking an
ultrasound image shown on the screen of the display
panel.
[0004] In contrast to the aforementioned portable ul-
trasound diagnostic apparatus to be placed on a table
for manipulation, there is suggested a handheld portable
ultrasound diagnostic apparatus that is operable while
being held by a single hand (Patent Documents 2 and 3).

Prior Art Document

Patent Document

[0005]

Patent Document 1 Japanese Unexamined Patent
Application Publication No. 2010-162107
Patent Document 2 Japanese Unexamined Patent
Application Publication No. 2010-131396
Patent Document 3 Japanese Unexamined Patent

Application Publication No. 2012-50516

Disclosure of the Invention

Problem to be solved by the Invention

[0006] The portable ultrasound diagnostic apparatus
as described in the Patent Documents 2 and 3 is manip-
ulated in an examination, holding the apparatus in one
hand and the probe in the other hand. In this case, the
examination with holding the apparatus in one hand re-
quires that the apparatus is light in weight and small in
size to some extent. Even though it is a portable type,
the main body of the apparatus needs to have a certain
size and weight so as to have an independent ultrasound
measurement function in itself. Accordingly, the manip-
ulation in the state of being held in one hand may become
unstable. In addition, both hands are occupied during the
examination, and when the need for manipulating the
operation panel arises, the probe may be placed on the
table, for instance, and the operating panel is manipulat-
ed by the hand having held the probe, suspending the
examination on the way.
[0007] The present invention is directed to providing a
portable ultrasound imaging apparatus that is operable
while holding the apparatus by a single hand, allowing a
stable posture when used in an examination, and being
operable by the hand that holds the apparatus even while
the examination is performed.

Means to solve the Problem

[0008] In order to solve the problem above, the porta-
ble ultrasound imaging apparatus of the present inven-
tion is provided with a main body incorporating an elec-
tronic circuit constituting an ultrasound imager, and when
one surface of the main body is assumed as a front sur-
face and the surface on the other side of the front surface
is assumed as a back surface, the apparatus is charac-
terized as having a display panel configured to display
an image on the front surface, and an operating portion
on the back surface.

Effect of the Invention

[0009] The portable ultrasound imaging apparatus of
the present invention allows a handle of the apparatus
main body to be held by one hand, and when an ultra-
sound examination is performed with the other hand ma-
nipulating a probe, or the like, the hand that holds the
handle is enabled to manipulate the apparatus easily.

Brief Description of Drawings

[0010]

FIG. 1 is an overall view of one embodiment of the
portable ultrasound imaging apparatus of the
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present invention, illustrating the apparatus in per-
spective, viewed from the front side;
FIG. 2 illustrates in perspective the back-right side
and the back-left side of the portable ultrasound im-
aging apparatus of the FIG. 1;
FIG. 3 illustrates six views (the front view, left side
view, right side view, plan view, and bottom view,
except the rear view) of the portable ultrasound im-
aging apparatus as shown in FIG. 1;
FIG. 4 is a functional block diagram illustrating the
configuration of the ultrasound imager;
FIG. 5 illustrates an overall view of the probe that is
generally used for the ultrasound imaging apparatus;
FIG. 6 illustrates an example of the operation button
provided on the handle, FIG. 6(a) is a plan view of
the handle, FIG. 6(b) is a top view, and FIG. 6(c)
illustrates a usage pattern;
FIG. 7 illustrates one example where the operation
buttons are provided on the back surface of the main
body;
FIG. 8 illustrates a usage example of the operation
buttons as shown in FIG. 7;
FIG. 9 is a front-side perspective view showing a
mechanism for mounting the operation panel;
FIG. 10 is a back-side perspective view showing a
mechanism for mounting the operation panel;
FIG. 11 illustrates an essential portion of the mount-
ing mechanism as shown in FIG. 10;
FIG. 12 is a perspective view showing a component
of a mechanism for mounting the operation panel;
FIG. 13 is a perspective view showing a structure of
the operation panel side;
FIG. 14 illustrates variation of the posture of the op-
eration panel; FIG. 14(a) illustrates the initial state,
FIG. 14 (b) illustrates the slide state sliding to the
lowermost end, FIG. 14 (c) illustrates the slide state
being moved to a desired slide position, and FIG. 14
(d) illustrates the state tilted at the position of FIG.
14(c);
FIG. 15 illustrates an example how to use the oper-
ation panel according to the usage state of the ap-
paratus;
FIG. 15 (a) illustrates the state that an operator holds
the apparatus, and FIG. 15(b) illustrates the state
that the apparatus is placed on the table;
FIG. 16(a), FIG. 16(b), and FIG. 16(c) illustrate mod-
ification example of the mounting mechanism of the
operation panel and posture variation thereof;
FIG. 17 is a rear view of the portable ultrasound im-
aging apparatus as shown in FIG. 1;
FIG. 18 is a cross-sectional view of a mounting mech-
anism of the handle and a stand portion;
FIG. 19 is a perspective view showing the mounting
mechanism of the handle;
FIG. 20 is a perspective view showing the mounting
mechanism of the stand portion;
FIG. 21 is a perspective view showing the essential
portion of the mounting mechanism of the handle

and the stand portion;
FIG. 22(a) and FIG. 22(b) illustrate different usage
states of the stand portion;
FIG. 23(a) and FIG. 23(b) illustrate different usage
states of the handle;
FIG. 24 illustrates a back side panel and a back side
cover of the portable ultrasound imaging apparatus;
FIG. 25 illustrates only the essential portion of the
cross sectional view taken along line A-A of FIG. 24;
FIG. 26(a) and FIG. 26(b) respectively illustrate the
right side view and the left side view of FIG. 24;
FIG. 27 is a perspective view showing a connector
of the probe;
FIG. 28(a), FIG. 28(b), and FIG. 28 (c) illustrate other
embodiments of the back side panel;
FIG. 29 illustrates an embodiment of a wireless
probe;
FIG. 30 is a functional block diagram showing the
probe shown in FIG. 29 and the main body;
FIG. 31 illustrates a usage pattern of the probe
shown in FIG. 29;
FIG. 32 illustrates another usage pattern of the probe
as shown in FIG. 29;
FIG. 33 illustrates an embodiment of another wire-
less probe;
FIG. 34(a) and FIG. 34(b) are a cross-sectional view
and a plan view, respectively, illustrating a structure
of the operation buttons;
FIG. 35(a), FIG. 35(b), and FIG. 35(c) illustrate the
operation buttons, different types in shape;
FIG. 36 is a functional block diagram showing func-
tions of the controller 43 configured to control GUI;
FIG. 37 is a flow diagram showing one example of
a control procedure;
FIG. 38 illustrates one example of a display screen
when measurement starts;
FIG. 39 illustrates one example of assignment of
functions to the operation buttons;
FIG. 40 is a flow diagram showing a modification
example of the control procedure;
FIG. 41 illustrates the portable ultrasound imaging
apparatus provided with a probe holder on the back
surface, illustrating the main body in perspective,
viewed from the back side;
FIG. 42 is a cross-sectional view of the portable ul-
trasound imaging apparatus as shown in FIG. 41;
and
FIG. 43 is a perspective view showing the probe hold-
er and a cup, when the cup is removed from the
portable ultrasound imaging apparatus of FIG. 41.

Best Mode for Carrying Out the Invention

[0011] Hereinafter, with reference to the accompany-
ing drawings, an explanation will be provided as to an
embodiment of the portable ultrasound imaging appara-
tus according to the present invention. The portable ul-
trasound imaging apparatus of the present embodiment
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includes a main body (10) incorporating an electronic cir-
cuit constituting an ultrasound imager (40), and when
one surface of the main body is assumed as a front sur-
face and the surface on the other side of the front surface
is assumed as a back surface, the apparatus is charac-
terized as having a display panel (30) configured to dis-
play an image on the front surface, and an operating por-
tion (81, 82) on the back surface. In addition, the portable
ultrasound imaging apparatus of the present embodi-
ment is provided with a handle (60) on the back surface,
and the handle (60) is equipped with the operating portion
(81). Alternatively, the operating portion (82) may be pro-
vided in proximity to the handle (60), on the back surface
of the main body.
[0012] The portable ultrasound imaging apparatus of
the present embodiment may further be provided with an
operation panel (20) in parallel with the display panel
(30), on the front surface side of the main body (1). This
operation panel (20) on the front surface side is capable
of functioning as an input unit for the ultrasound imager
(40), together with the operating portion on the back side.
[0013] Firstly, with reference to the drawings from FIG.
1 to FIG. 3, an overview of the portable ultrasound im-
aging apparatus of the present embodiment will be ex-
plained. FIG. 1 is a perspective view showing the overall
portable ultrasound imaging apparatus of the present
embodiment, viewed from the front side, FIG. 2 illustrates
perspective views of the portable ultrasound imaging ap-
paratus viewed from the back side, and FIG. 3 illustrates
six views (the front view, left side view, right side view,
plan view, and bottom view, except the rear view) of the
portable ultrasound imaging apparatus as shown in FIG.
1, with the operation panel that is made to slide.
[0014] The portable ultrasound imaging apparatus 100
of the present embodiment is a notebook or tablet device,
with the thickness d, being thin relative to the horizontal
size L1 and the vertical size L2, provided with the main
body 10 incorporating an electronic circuit, and the like,
necessary for ultrasound examination, and the operation
panel 20. The display panel 30 configured to display an
ultrasound image and a GUI necessary for operations,
is fixed on the front of the main body 10. The size of the
portable ultrasound imaging apparatus 100 is not partic-
ularly limited, but the widest surface is supposed to be
in a size of around A4 to B4, allowing an operator to place
the apparatus on one arm and hold it by one hand.
[0015] FIG. 4 illustrates an overview of the ultrasound
imager 40 made up of the electronic circuit, and the like,
being placed in the main body 10. The imager 40 incor-
porates an ultrasound probe (probe) 50, a probe connec-
tor 41 to which the probe 50 is connected, an ultrasound
transmitter and receiver 42, a controller 43, a memory
part 44, a DSC (digital scan converter) 45, a display part
46, an input part 47, an auxiliary unit 48, a power supply
unit 49, and the like.
[0016] The probe 50 encloses within a case, an acous-
tic lens, an array in which piezoelectric elements for con-
verting electric signals into ultrasound waves and also

converts the ultrasound waves reflected from a subject
into electric signals are arranged one-dimensionally or
two-dimensionally, a backing material, and the like.
There are prepared various types of probes appropriate
for an examination target and depending on the situation.
FIG. 5 illustrates one example of the probe 50. The probe
50 is made up of a probe main body 50a with a resin
cover that covers the probe array, and the like, a con-
nector 51 configured to connect the probe main body 50a
to a power source, and a cable 52 connecting the probe
main body 50a with the connector 51. When an ultra-
sound examination is performed, the connector 51 of the
probe selected from the various types, is connected to
the probe connector 41 provided in the main body 10,
and the probe is used.
[0017] The ultrasound transmitter and receiver 42
transmits electrical signals to the probe 50 and receives
the electrical signals from the probe 50, so as to perform
processing such as phasing. The DSC 45 scans the re-
ceived signals on the time axis, and performs a process-
ing to display the received signals in the form of a two-
dimensional image on the display panel 30. The display
part 46 displays an ultrasound image and a GUI neces-
sary for operations, and includes the display panel 30
and a driving unit thereof. The input part 47 is used to
input instructions necessary for operating the apparatus,
and buttons provided on the operation panel 20, and the
like, are assigned those functions. The power supply unit
49 is provided with a terminal configured to supply power
from a power source such as a battery, or from an external
power source. The controller 43 controls the operations
of each of the aforementioned parts. The memory part
44 stores data necessary for the operations of each part,
and image data, and the like, in the middle of processing
or as a result of the processing.
[0018] It is to be noted that the configuration of the
imager 40 as shown in FIG. 4 is just an example, and
other configurations may be applicable, like a configura-
tion eliminating a part of the constitutional elements, or
a configuration adding a different constitutional element.
[0019] With reference to the drawings from FIG. 1 to
FIG. 3 again, an explanation will be provided as to ap-
pearance characteristics of the portable ultrasound im-
aging apparatus of the present embodiment.
[0020] As illustrated in FIG. 1, the front face of the main
body 10 is made up of a region where the display panel
30 is fixed, and a region where the operation panel 20 is
placed. As shown in FIG. 3, there are formed a level
difference between the region where the display panel
30 is fixed, and the region where the operation panel is
placed. In other words, as for the thickness of the main
body 10, the thickness of the region where the display
panel 30 is formed is thicker than that of the region where
the display panel 30 is not formed. Space (stepped por-
tion) 10a for placing the operation panel 20 therein is
provided, next to the region where the display panel 30
is provided.
[0021] The operation panel 20 has substantially the
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same volume as the space of the stepped portion 10a,
and it is mounted in a movable manner with respect to
the main body 10. In the state where the operation panel
20 fits in the stepped portion 10a, the side surface of the
operation panel 20 abuts against the stepped portion of
the display panel 30, the front face of the main body 10
forms an almost continuous surface with the top surface
of the operation panel 20, and three side surfaces of the
operation panel 20 are almost continuous respectively
to the corresponding side surfaces of the main body 10.
With this configuration, the main body 10 and the oper-
ation panel 20 form an integrated tablet shape. The op-
eration panel 20 is made to shift as appropriate from the
stored position as shown in FIG. 1, and the angle with
respect to the main body 10 is variable. A structure for
mounting the operation panel 20 on the main body 10
will be described in detail later.
[0022] The operation panel 20 may be a touch-screen
type, which converts the operations by an operator, such
as pressing the button by a finger or a pen and dragging
without letting up the button, into electrical signals, and
transfers the signals to the controller 43 of the ultrasound
imager 40. Since the portable ultrasound imaging appa-
ratus 100 of the present embodiment is a tablet, the area
thereof is limited, and thus there are provided operation
buttons 21 to 27 (FIG. 31), the number of which is less
than those of the operation panel in a conventional note-
book ultrasound imaging apparatus. In the example as
illustrated, there are provided seven operation buttons
21 to 27, and those operation buttons 21 to 27 implement
plural functions by switching.
[0023] In order to complement the functions of the op-
eration buttons mounted on the operation panel 20, the
portable ultrasound imaging apparatus 100 of the present
embodiment is provided with the operation buttons 81
and 82 on predetermined positions other than the oper-
ation panel, for example, on the handle and on the back
surface. The operation button on the back surface is pro-
vided at the position that enhances the ease of operations
in the case where the operator manages the apparatus
using the handle 60 which will be explained later. Details
of the operation button provided on the handle or on the
back surface of the main body will be described below.
[0024] As illustrated in FIG. 2 and FIG. 3, there are
mounted on the back side of the main body 10, the handle
60 that allows the operator to easily hold the main body
20, and the stand portion 70 configured to use the appa-
ratus by placing the main body 10 on a desk or a table.
The handle 60 and the stand portion 70 are mounted on
the main body 10, each being foldable and rotatable, via
the mounting mechanism placed substantially in the cent-
er of the back surface of the main body. On the back
surface of the main body 10, there is formed a concave
portion 15a to store the handle 60 and the stand portion
70 when they are folded. The depth of the concave por-
tion 15a has substantially the same size as the thickness
of the handle 60 and the stand portion 70, and when the
handle 60 and the stand portion 70 are folded and stored

in the concave portion 15a, they fit into the back surface.
FIG. 2 and FIG. 3 illustrate the state that the handle 60
is stored in the concave portion 15a, and the stand portion
70 is pulled out of the storage 15a.
[0025] The operator holds the handle 60 by one hand,
when the handle 60 is open with respect to the main body
10, allowing the operator to perform the ultrasound ex-
amination, while manipulating the operation panel 20 by
the other hand. In this case, since the handle 60 is mount-
ed rotatably with respect to the main body 10, the handle
60 may be placed at any position in the rotating direction.
In addition, the handle 60 is usable not only when the
measurement is performed, but also when carrying the
portable ultrasound imaging apparatus 100.
[0026] When the stand portion 70 is opened with re-
spect to the main body 10, this allows the main body 10
to be placed firmly on a table or on a desk. In this case,
the stand portion 70 is rotated with respect to the main
body 10, thereby enabling any of the placement of the
main body 10, portrait and landscape.
[0027] On the back surface of the main body 10, there
is further provided a port 17 for connecting the connector
51 of the probe (ultrasound probe) 50. In order to form
the port 17 (the probe connector 41) on the back surface
of the main body 10, each of both side surfaces of the
main body 10 has a shape that a part of the back surface
is recessed, and the port 17 is provided facing to this
recessed space 15b, and further the space 15b serves
as the space (storage) for placing the connector 51 there-
in. The thickness of the space 15b is substantially the
same as the thickness of the connector 51. With this con-
figuration, while the connector 51 is kept inserted into the
port 17, the connector 51 is hidden in the back side when
viewed from the front side of the main body 10, preventing
protrusion of the connector from the side surface and
keeping the connector from contact with an object or a
person.
[0028] Considering the overview of the aforemen-
tioned ultrasound imaging apparatus of the present em-
bodiment, each of the features provided in this ultrasound
imaging apparatus will be described in detail. A key fea-
ture of the ultrasound imaging apparatus of the present
embodiment includes that the handle and the operating
portion are provided on the back surface of the apparatus
main body, the operating portion being operable by the
hand that holds the handle. In addition, the apparatus is
characterized in the structure to mount the operation pan-
el 20 on the main body 10, the mechanism for supporting
the handle and the stand portion, the multi-functional op-
eration buttons, the structure of the storage for the con-
nector 51, and the like. Hereinafter, with reference to the
drawings, the embodiments having those characteristics
respectively will be explained.

<First embodiment>

[0029] The portable ultrasound imaging apparatus of
the present embodiment is characterized as having the
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operating portion (operation button) provided on the back
surface. A conventional ultrasound imaging apparatus,
including a notebook apparatus, is designed assuming
that the apparatus is placed on a table, and therefore, all
the operation buttons are supposed to be within the op-
eration panel. The portable ultrasound imaging appara-
tus of the present embodiment has the operation button
that is provided on the back surface or provided on the
handle being mounted on the back surface, separated
from the operation panel provided on the front surface.
[0030] The portable ultrasound imaging apparatus of
the present embodiment may further be provided with
the following characteristics: The operating portion in-
cludes the operation button that instructs to start and ter-
minate the operation, or finalize the process. The oper-
ating portion includes the operation button having a track-
ball function. The operating portion is placed in the con-
cave portion that is provided on the handle. Alternatively,
it is placed in the concave portion that is provided on the
back surface.
[0031] Hereinafter, with reference to FIG. 6 to FIG. 8,
the present embodiment will be described in detail.
[0032] FIG. 6 illustrates an example that the operation
button 81 is provided on the handle 60 itself. FIG. 6(a) is
a plan view of the handle 60, FIG. 6(b) is a top view of a
holder portion 60b of the handle, and FIG. 6(c) illustrates
a usage state. FIG. 7 illustrates an example that the op-
eration button 82 is provided on the upper end portion of
the back side cover 152, and FIG. 8 illustrates the usage
state thereof.
[0033] In the embodiment being illustrated, the handle
60 is mounted rotatably on the mounting mechanism on
the back of the main body, the handle being made up of
a mount 60a attached to the mounting mechanism and
a holder 60b, and it has a circular shape as a whole. The
operation button 81 is placed in the portion (concave po-
tion) dented from the outer surface, on the edge of the
holder 60b of the handle 60 having the aforementioned
shape. The circular shaped handle 60 stores inside a
cable (not illustrated) for establishing electrical connec-
tion between the operation button 81 and an electronic
component (the imager 40) incorporated in the main body
10, whereby the operation button 81 is connected to the
imager 40 via this cable and serves as the input part 47
(FIG. 4) of the imager 40.
[0034] In the embodiment in which the operation button
81 is provided on the handle 60, as shown in FIG. 6(b),
the operator is allowed to manipulate the operation button
81 with his or her thumb, with grasping the handle 60 by
the four fingers of the right hand, for instance. Since the
operation button 81 is placed at the portion dented on
the surface of the holder, there is no danger of malfunc-
tion while grasping the handle 60.
[0035] The operation button 82 that is provided on the
back side cover is also electrically connected to the elec-
tronic component being the imager 40 via the cable within
the back side cover, and the operation button serves as
the input part 47 of the imager 40. Also in this example,

it is preferable that the operation button 82 is placed in
the concave portion formed on the back side cover. As
illustrated in FIG. 8, the operator is allowed to manipulate
the operation button 82 with his or her forefinger, for in-
stance, while grasping the handle 60 with the thumb and
the remaining fingers. FIG. 7 and FIG. 8 illustrate two
operation buttons, but the number of the operation but-
tons may be one or more than two. It is desirable that the
position and the number of the operation buttons are op-
erable by the hand that holds the handle.
[0036] Either of the operation button 81 on the handle
60 and the operation buttons 82 on the back side cover
152 may be provided, or both may be provided.
[0037] The configurations of the operation buttons 81
and 82 are not particularly limited, but preferably, they
are operated in a mechanical structure that converts a
push-down operation into an electrical signal. The func-
tions of the operation button are similar to the functions
of the operation button A that is provided on the operation
panel 20, such as starting/stopping the examination,
freezing, and finalizing the processing operation, and fur-
ther it is desirable that the functions are frequently used
during the measurement. It is further possible to provide
an operation button that has a function of trackball. As
the operation button having the trackball operation, a ball-
like protrusion provided in the concave portion is made
rotatable, and a publicly known mechanism is employed
for optically sensing the rotating direction and the rotating
speed, thereby operating a cursor, or the like, displayed
on the display part 30, in response to the rotating speed.
The operation button 81 (82) having the trackball function
allows operations by a single hand, to select a specific
item from a menu displayed on the display part 30, or set
an ROI on a specifically designated position on the dis-
played image. As an example, the operation button 81
placed on the handle 60 may be provided with the track-
ball function, and the operation button 82 placed on the
back surface may be provided with a function for finalizing
the processing.
[0038] As one usage pattern of the portable ultrasound
imaging apparatus of the present embodiment, it is con-
ceivable to hold the handle by one hand, placing the ul-
trasound imaging apparatus on the arm thereof, and to
perform examination while treating the probe by the other
hand. In that case, since the operation button having the
aforementioned function is provided on the position that
allows manipulation by the hand holding the handle, it is
possible to perform processing such as suspending
measurement, freezing, and recording, without using the
hand holding the probe, i.e., without interrupting the ex-
amination using the probe, and this may drastically en-
hance the convenience of operation.
[0039] FIG. 7 illustrates the portable ultrasound imag-
ing apparatus provided with the handle 60 and the stand
portion 70 on the back side. A feature of the present em-
bodiment is that the operating portion (operation button)
is provided on the back side, and thus it is possible to
eliminate the stand portion 70. The front side of the port-
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able ultrasound imaging apparatus of the present em-
bodiment is only required to have the display panel and
the operation panel, and both the display panel and the
operation panel may be stationary types, each being
fixed on the main body, or any one of them may be a
movable type.
[0040] In the portable ultrasound imaging apparatus of
the present embodiment, separated from the operation
panel on the front side of the main body, the operating
portion is provided on the back side. Accordingly, when
the handle of the apparatus main body is held by one
hand and an ultrasound examination is performed while
manipulating the probe by the other hand, the hand hold-
ing the handle is allowed to perform the operations easily.
Therefore, it is not necessary to put the probe on a table
or on a probe holder, in order to reserve the hand to
manipulate the operation panel, facilitating the opera-
tions during the examination, and preventing interruption
of the examination.
[0041] Furthermore, according to the portable ultra-
sound imaging apparatus of the present embodiment,
the operating portion is placed in the concave portion
provided on the handle or on the back surface, thereby
preventing the malfunction, and guaranteeing the relia-
bility of the operation.
[0042] Next, a structure other than the operating por-
tion will be explained, which may be provided in the port-
able ultrasound imaging apparatus of the present em-
bodiment.

<Mounting structure of the operation panel 20>

[0043] The portable ultrasound imaging apparatus of
the present embodiment is provided with the operation
panel 20 on the same plane as the display panel 30,
separated from the operating portion on the back side of
the main body. The operation panel 20 is slidable (mov-
able within the same plane) with respect to the main body
10, and it is rotatable with respect to the main body 10,
at any point in the sliding direction. Specifically, the main
body is provided with the stepped portion that allows the
operation panel to be stored along the surface where the
screen of the display panel is formed, and also provided
with a support mechanism configured to support the op-
eration panel in a slidable manner in the direction parallel
to the screen of the display panel, and further support
the operation panel in such a manner as varying the angle
with respect to the screen. The shape of the stepped
portion is almost equivalent to the shape of the operation
panel, and under the condition that the operation panel
is stored in the stepped portion, the screen and the op-
erating surface of the operation panel are substantially
in the same plane.
[0044] The support mechanism of the operation panel
is provided with a slide mechanism and a tilt mechanism,
and the operation panel is fixed on the tilt mechanism,
and the tilt mechanism is rotatably coupled with the slide
mechanism.

[0045] As a way of example, the slide mechanism in-
cludes a plate-like member on which a long hole is formed
for sliding in the longitudinal direction, and a guide pin
that is fixed on the main body and engaged with the long
hole for guiding the plate-like member to move. The tilt
mechanism is provided with a rotating member that is
rotatably supported on the plate-like member by the axis
being orthogonal to the slide direction and parallel to the
screen, and the operation panel is fixed on the rotating
member.
[0046] The stepped portion of the main body for storing
the operation panel may have a panel part being parallel
to the screen, and in that case, a slit is formed on the
panel part, allowing the plate-like member to move in the
slide direction. The portion where the long hole of the
plate-like member is formed is engaged with the guide
pin on the side being opposite to the screen of the panel
part, and it is possible to configure such as supporting
the rotating member on the screen side.
[0047] The slide mechanism and the tilt mechanism
may be connected via a link. In this case, the operation
panel may be movable from the position where it is stored
in the stepped portion to the position that faces to the
back side of the main body.
[0048] Hereinafter, with reference to the drawings, the
portable ultrasound imaging apparatus of the present
embodiment will be further explained. FIG. 9 to FIG. 13
illustrate an example of the mounting structure that en-
ables the movement of the operation panel 20 described
above. FIG. 9 and FIG. 10 are a perspective view from
the front side and a perspective view from the back side,
respectively, of a part of the front face of the main body
10, FIG. 11 and FIG. 12 illustrate the essential portion of
the mounting mechanism, FIG. 11 is a front view that is
viewed from the inside, and FIG. 12 is a perspective view
of the mounting member, viewed from the front side and
the back side. FIG. 13 illustrates a back side structure of
the operation panel. In FIG. 9 and FIG. 10, the up-down
direction (or the vertical direction) and the right-left direc-
tion (or the horizontal direction) are indicated by the ar-
rows. Those are just provisional directions for explana-
tion, and they may be changed to any direction according
to the posture of the portable ultrasound imaging appa-
ratus of the present embodiment. The names of the ver-
tical part and the horizontal part may also be variable.
[0049] A front panel 11 for providing the region 10a to
store the operation panel 20 is fixed on the front surface
of the main body 10, and the mounting structure of the
operation panel 20 is fixed on the front panel 11.
[0050] The front panel 11 of the main body 10 may be
a plate member made of rigid metal, FRP, and the like,
made up of the plate member 11a having the plane par-
allel to the main-body front face (referred to as the vertical
part), and the horizontal part 11b integrally mounted on
the edge thereof (the upper end thereof in the figure).
The vertical part 11a is fixed on the structure of the main
body 10, via a screw, or the like. On the vertical part 11a,
there are formed one or plural holes for passing a cable
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therethrough (not illustrated) to establish electrical con-
nection between the operation panel 20 and the imager
(electronic circuit) 40 that is stored in the main body 10.
[0051] The display panel 30 is placed on the horizontal
part 11b of the front panel 11, and a pair of blocks 110
being the mounting structure of the operation panel 20,
are fixed on the back side. In the illustrated embodiment,
the block 110 has the shape of rectangular parallelepi-
ped, a part of which fits into the rectangular-shape notch
formed on the horizontal part 11b of the front panel, and
fixed on the vertical part 11a via the screw, or the like.
As illustrated in FIG. 11, a pair of pins 113 are fixed on
each of the blocks 110. There is formed a long hole on
the slide member 115 on which the operation panel 20
is fixed, and the pair of pins 113 are mounted on the block
110 via a stopper 112, in such a manner that those pins
pass through the long hole. The pins 113 serve as the
guide for moving the slide member 115 in the vertical
direction. The stopper 112 adjusts the clamping force of
the slide member 115 against the block 110, thereby im-
posing predetermined resistance to the movement of the
slide member 115 in the slide direction (the vertical di-
rection), and this allows the slide member 115 to stop at
any position in the slide direction.
[0052] The slit 11c is formed on the vertical part 11a
of the front panel 11, allowing the slide member 115 to
move in the vertical direction. The slide members 115
are provided respectively on the right and left blocks 110.
Since the structure of each of the blocks 110 is identical,
only one slide member 115 will be explained in the fol-
lowing.
[0053] As illustrated in FIG. 12, the slide member 115
has an L-shaped plate 1151 on which the long hole 115a
is formed, and a shaft 1152 being bent by 90 degrees
with respect to the surface of the plate 1151, and a pair
of pins 113 pass through the long hole 115a of the plate
1151, thereby allowing the slide member 115 to slide in
the vertical direction without rotating.
[0054] The shaft 1152 of the slide member 115 is made
up of the fixed part 1152a and the rotor 1152b being a
hinge structure. The dimension of the fixed part 1152a
is larger than the rotor 1152b in the vertical direction, and
fixed part is formed integrally with the plate 115a. The
rotor 1152b is rotatably mounted on the fixed part 1152a
about the axis p1 (not illustrated) provided inside the shaft
1152. The upper end of the operation panel 20 is fixed
on the rotor 1152b. A torque hinge may be employed as
the shaft 1152 having such structure, which is able to
stop the rotation at any position, and a torque value of
the torque hinge may be selected appropriately, consid-
ering the weight of the operation panel 20.
[0055] FIG. 13 illustrates a back side structure of the
operation panel 20 with which the slide member 115 is
coupled. As illustrated, if the side where the operation
buttons (21 to 27 in FIG. 31) of the operation panel 20
are provided is assumed as the front face, a flat part 21a
that has a level difference relative to the outermost sur-
face of the back side, is formed for placing the vertical

part 11a of the front panel 11. On the upper end of the
flat part 21a, there is formed a concave port 21b having
the shape corresponding to the shape of the shaft 1152
(the fixed part 1152a and the rotor 1152b), and the shaft
1152 projecting forward from the vertical part 11a of the
front panel 11 is placed within the concave part 21b. The
rotor 1152b of the shaft 1152 is fixed on the position cor-
responding to the concave part 21b via the screw, or the
like. Since the size of the fixed part 1152a is made dif-
ferent from the size of the rotor 1152b, displacement in
the lateral direction is prevented, and further the fixed
part 1152a is held by a surface, thereby preventing a turn
and maintaining the posture.
[0056] With reference to FIG. 14, an explanation will
be provided as to the movement of the operation panel
20 mounted on the main body 10 according to the mount-
ing structure as described above. As illustrated in FIG.
14(a), in the state (at the initial position) that the operating
surface of the operation panel 20 is parallel to the front
surface of the main body 10 and the operation panel 20
substantially abuts the display panel 30, when the oper-
ation panel 20 is drawn with holding both edges, down-
wardly in the figure, the slide member 115 that is fixed
to the operation panel 20 moves integrally with the op-
eration panel 20. This movement goes along the direction
in which the long hole 115a of the slide member 115 is
guided by the pin 113s, in other words, the vertical direc-
tion. Since the slide member 115 (the plate 1151) is fixed
with a predetermined clamping force, the movement may
be stopped at any position. FIG. 14(b) illustrates the state
that the operation panel 20 has moved to the lowermost
end.
[0057] When the lower side of the operation panel 20
is pulled out of the main body 10, for instance, at a desired
position of the operation panel 20 in the vertical direction
(FIG. 14(c)), the rotor 1152b of the shaft 1152 on which
the operation panel 20 is fixed rotates with respect to the
other parts (the plate 1151 and the fixed part 1152a of
the shaft 1152) of the slide member 115, thereby tilting
the operation panel 20 relative to the main body 10. This
may establish the tilted state as illustrated in FIG. 14(d).
[0058] As described above, since the operation panel
20 is made slide and tilt at any position relative to the
main body 10, the operator is allowed to move and op-
erate the operation panel 20 at a position facilitating the
operation, depending on the usage state. By way of ex-
ample, as shown in FIG. 15(a), in order to allow the op-
erator to hold the handle 60 on the back side of the main
body 10 and use the apparatus being placed on the arm,
the operation panel 20 is tilted as appropriate for using
the apparatus, in response to the angle of the arm with
respect to the body of the operator, thereby enhancing
the operability.
[0059] Alternatively, as illustrated in FIG. 15(b), when
the apparatus is treated on the table, while setting up the
stand portion 70 on the back side of the main body 10,
the operation panel 20 is made slide and tilt in response
to the angle of the display panel 30 (screen), the angle
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being given by the stand portion 70, thereby causing the
lowermost end of the operation panel 20 to abut against
the table, allowing the apparatus to stably stand on the
table along with the stand portion 70, and further enhanc-
ing the operability of the operation panel. In this case,
even when the angle varies with respect to the surface
on which the main body 10 is placed, the slide position
and the tilt angle may be adjusted, thereby causing the
edge of the operation panel 20 to abut against the place-
ment surface, and this allows the operation panel 20 and
the stand portion 70 to maintain a stable posture of the
main body, ensuring stable operation of the operation
panel 20.
[0060] As described so far, according to the mounting
structure of the operation panel 20 of the present em-
bodiment, the operation panel is allowed to slide and tilt
with respect to the main body 10, and further allowed to
tilt at any position in the slide direction, thereby enhancing
the operability of the portable ultrasound imaging appa-
ratus.
[0061] The moving range of the operation panel 20 in
the slide direction assumes as the upper limit, the position
where the upper end of the operation panel 20 abuts
against the horizontal part 11a of the front panel 11 ex-
tending forward. The lower limit may be restricted by the
length of the long hole (from the level where the operation
panel 20 is fixed, to the upper end of the long hole 115a).
In the mounting structure of the present embodiment, the
lower limit is restricted to the position where the upper
end of the operation panel 20a is a little higher than the
lower end of the front panel 11, but the length of the slide
member 115 and the long hole 115a formed thereon may
be extended upwardly, thereby expanding the movable
range on the lower limit side.
[0062] In the present embodiment, the rotation axis p1
of the operation panel 20 is configured as being posi-
tioned on the front side of the main body with respect to
the plate 1151. However, as illustrated in FIG. 16(a), it
is further possible to employ the configuration that the
rotation axis p1 of the operation panel 20 is positioned
on the extended line of the long hole 115a of the plate
1151 in the longitudinal direction, and coupling the rota-
tion axis p1 and the operation panel 20 via the link 1153.
In this case, when the rotation axis of the operation panel
20 is made slide down to the lower end of the front panel
11 (FIG. 16(b)), the operation panel 20 is turned approx-
imately by 180 degrees about the rotation axis p1, there-
by enabling the operation panel to be positioned on the
back side of the main body 10 (FIG. 16(c)). In this posture,
for example, along with showing a patient, the image dis-
played on the display panel 30 on the front side of the
main body 10, the operator is allowed to manipulate the
operation panel 20 from the back side, so as to change
the display (e.g., expand the image and/or displace the
image, etc.).
[0063] The mounting structure as shown in the draw-
ings from FIG. 9 to FIG. 13, is one example of the mech-
anism that slides and tilts the operation panel 20. As far

as the structure is provided with a mechanism to slide
the operation panel 20 with respect to the main body 10,
and a rotating mechanism incorporated in the slide mech-
anism, the structure is not limited to those as illustrated.
By way of example, it is further possible to employ a struc-
ture that a guide rail is provided in the vertical direction
on the front panel 11, preparing a mounting member
made up of a slider moving up and down along the guide
rail fitting thereto and a rotor mounted on the slider in a
rotatable manner, and to fix the upper end of the opera-
tion panel 20 to the rotor of this mounting member.
[0064] Since most of the mechanism as shown in the
figures from FIG. 9 to FIG. 13 is provided on the back
side of the front panel 11, there is no danger of pinching
a finger, a cord, or the like, in the guide rail, or the like,
and there is also an advantage that a compact mecha-
nism is able to be established.

<Mounting structure of the handle 60 and the stand por-
tion 70>

[0065] The portable ultrasound imaging apparatus of
the present embodiment is characterized in that the back
surface of the apparatus main body is provided with a
handle and/or a stand portion forming variable angle with
the back surface, and being rotatable about the axis that
is perpendicular to the back surface of the main body 10.
[0066] When the portable ultrasound imaging appara-
tus of the present embodiment is manipulated while being
placed on the arm, the handle 60 held by the hand sta-
bilizes the usage posture, and further the handle is usable
for carrying the ultrasound imaging apparatus. When the
portable ultrasound imaging apparatus of the present in-
vention is used while being placed on the table, the stand
portion 70 supports the apparatus, and stabilizes the us-
age posture at any angle with respect to the table surface.
It is possible to provide only either one of the handle 60
and the stand portion 70. If an appropriate shape is
formed, both functions of the handle and the stand portion
may be provided by one shape. In the following, an ex-
planation will be provided as to an embodiment that is
provided with both the handle 60 and the stand portion
70. In addition to the aforementioned characteristics, the
portable ultrasound imaging apparatus of the present
embodiment has a characteristic that the handle is rotat-
able being independent of the stand portion.
[0067] Hereinafter, with reference to the drawings from
FIG. 17 to FIG. 23, structures of the handle 60 and the
stand portion 70 of the portable ultrasound imaging ap-
paratus will be explained. FIG. 17 is a rear view of the
ultrasound imaging apparatus, and an explanation will
be provided assuming temporarily that the four orienta-
tions; up, down, left, and right on the paper, respectively
correspond to those four orientations of the apparatus in
FIG. 17. However, the orientation of the apparatus may
vary freely, and the orientations used for the explanation
will not restrict those of the apparatus.
[0068] As illustrated in FIG. 17, the back side surface
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15 of the portable ultrasound imaging apparatus of the
present embodiment is provided with a back side panel
151 covering the back side of the display panel 30 and
the back side of the front panel 11 continuing thereto,
and a back side cover 152 covering the imager 40. The
back side panel 151 is parallel to the screen of the display
panel 30 and the front panel 11, and the horizontal size
and the vertical size are substantially equal to the hori-
zontal size and the vertical size of the apparatus. The
back side cover 152 has a projecting shape (convex-like
portion) to cover a part of the back side panel 151, and
the upper end and the lower end are respectively con-
nected to the upper end and the lower end of the back
side panel 151. The left and right ends have the shape
getting inward relative to the back side panel 151, except
the portions on the four edges where curved surfaces
(R) are formed. In other words, the left and right sides of
the back side surface form concave portions 15b, formed
by the back side panel 151 and the side surfaces of the
back side cover 152.
[0069] The back side cover 152 having the concave
portions 15b on both sides forms space configured to
accept the connector 51 of the probe 50 which will be
described later. Another embodiment is possible to pro-
vide a port for the connector 51 of the probe 50 on the
side surface of the apparatus. In this case, the concave
portion 15b is not absolutely necessary. Further in this
embodiment, the concave portions 15b are provided re-
spectively on the left and right sides of the apparatus,
but the number of concave portions, the shape and the
position of the concave portion may be changed appro-
priately.
[0070] On the center of the back side cover 152, there
is provided a concave portion 15a having a rectangular
shape whose four corners are curved. Further on the
center of the concave portion 15a, there is provided a
circular-shaped opening, and the mechanism of the han-
dle 60 and the stand portion 70 is mounted within this
opening. In FIG. 14, the opening is covered with the cir-
cular shaped cover 15c.
[0071] The handle 60 and the stand portion 70 are
stored within the concave portion 15a in the folded state,
i.e., under the condition that they are made flat relative
to the back surface, and the ultrasound imaging appara-
tus is allowed to maintain the tablet-like shape, without
any projections from the back surface. The handle 60
has a ring-like shape, and a part of the ring is a base 60a
fixed on the apparatus, and another part (holder part)
60b is to be held by a person, which serves as a handle
by pulling the holder part 60b out of the back surface.
The stand portion 70 is also pulled out of the apparatus,
and it functions as a stand as shown in FIG. 2.
[0072] With reference to the drawings from FIG. 18 to
FIG. 21, the mounting mechanisms of the handle 60 and
the stand portion 70 enabling the operations above will
be explained. FIG. 18 is a cross-sectional view of the
mounting mechanisms of the handle and the stand por-
tion, FIG. 19 is a perspective view showing the mounting

mechanism 1610 of the handle, FIG. 20 is a perspective
view showing the mounting mechanism 1620 of the stand
portion, and FIG. 21 is a perspective view showing a ro-
tation mechanism 1630 for mounting the handle and the
stand portion. It is to be noted that in the cross-sectional
view in FIG. 18, the handle 60 and the stand portion 70
are schematically represented by dotted lines only. In
FIG. 19, the stand portion 70 is not fully illustrated.
[0073] As shown in FIG. 18, the mounting mechanisms
of the handle and the stand portion are provided with a
shaft Z (not illustrated) fixed on the structure of the main
body 10 (or the back side panel 151), and the first rotary
plate 161 and the second rotary plate 162, in a disc-like
shape, each rotatably mounted with respect to the shaft
Z. The handle 60 is fixed on the upper surface of the first
rotary plate 161 via the mounting mechanism 1610 (1611
to 1614), and the stand portion 70 is fixed on the lower
surface of the second rotary plate 162 via the mounting
mechanism 1620. As shown in FIG. 17, those mounting
mechanisms 1610 and 1620 are covered by the cover
15c being integral with the back side cover 152 from a
viewpoint of design, and they are invisible in appearance.
[0074] As shown in FIG. 18 and FIG. 19, the mounting
mechanism 1610 of the handle 60 is made up of a pair
of plates 1611 fixed on the first rotary plate 161, a hinge
(1612, 1614) fixed on each of the plates 1611, and a
washer 1613. The hinge is made up of a shaft fixture
1612 for fixing a shaft (not illustrated), and a rotor 1614
being supported rotatably with respect to the shaft, the
base 60a of the handle 60 being fixed on the rotor, and
the washer 1613 is interposed between the shaft fixture
1612 and the rotor 1614. The rotors 1614 on the left and
right are integrated being coupled via a plate member,
and the base 60a of the handle 60 is fixed on the plate
member of the rotors, via a screw, or the like. The shaft
fixed on each shaft fixture 1612 exists on the same axis
P that connects the shaft fixtures on both sides, and the
handle 60 fixed on the rotors 1614 rotates about this axis
P.
[0075] According to the mounting mechanism 1610,
the handle 60 rotates about the axis P, with respect to
the rotary plate 161, allowing the holder part 60b being
opposed to the base 60a to move rotationally from the
state of being stored within the concave portion 15a to
the state of being raised outwardly from the concave por-
tion 15a. Under this condition, the operator is allowed to
grasp the holder 60b and manipulate the apparatus while
placing the apparatus on the arm, or carry the apparatus.
The washer 1613 restrains with its clamping force, the
rotation of the handle 60 about the axis P, in other words,
it imposes resistance to the rotational movement of the
holder 60b, allowing the handle 60 to be used in the sta-
tionary state at any angle.
[0076] As illustrated in FIG. 20, the second rotary plate
162 is provided with a circular plate 162a positioned on
the lower side of the first rotary plate 161, and a ring 162b
on the periphery of the circular plate 162a. Arcs on two
portions opposed to each other of the circular plate 162a
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are cut off to form linear parts, and the stand portion 70
is fixed via the mounting mechanism 1620 in such a man-
ner as positioned on both sides of those linear parts. The
portions of the ring 162b respectively associated with the
linear parts of the circular plate 162a are notched, and
this allows movement of the mounting parts of the stand
portion 70, which will be described later.
[0077] As illustrated in FIG. 18 and FIG. 20, the mount-
ing mechanism 1620 of the stand portion 70 is made up
of a pair of fixed blocks 1621 being fixed on the back
surface of the circular plate 162b, shaft fixtures 1622 re-
spectively fixed on the fixed blocks 1621, a shaft (not
illustrated) fixed on the shaft fixtures 1622 and positioned
on the axis Q, arm parts 1623 rotatably connected to the
shaft fixtures 1622 via the shaft, and supporters 1624
configured to impose resistance to the movement around
the shaft of the arm parts 1623. The arm part 1623 has
a hook-like shape, and one end is axially supported by
the shaft of the shaft fixtures 1622, and the stand portion
70 is fixed on the other end.
[0078] As shown in FIG. 20, with this mounting mech-
anism, the stand portion 70 fixed on the arm parts 1623
is allowed to rotationally move from the state of being
stored within the concave portion 15a to the state of being
raised outwardly from the concave portion 15a. In addi-
tion, since the arm part 1623 has the hook-like shape,
though the rotation axis Q of the stand portion 70 is lo-
cated lower than the rotation axis P of the handle 60 with
respect to the back surface, the handle and the stand
portion are able to form a flat plane that substantially
continues to the back surface, when they are stored in
the concave portion 15a. In addition, when the stand por-
tion 70 is rotated about the shaft Z by the rotation mech-
anism described later, while the stand portion 70 is tilted
from the back surface, it is possible to avoid hampering
the rotation by the interference between the stand portion
70 and the inner wall of the concave portion 15a on the
back surface.
[0079] Next, the rotation mechanism 1630 including
the first rotary plate 161 and the second rotary plate 162
will be explained. The first rotary plate 161 on which the
handle 60 is fixed and the second rotary plate 162 on
which the stand portion 70 is fixed are arranged in parallel
to the back surface, inside the back surface 15 of the
main body 10. As shown in the cross sectional view of
FIG. 18, the shaft Z passes through each center thereof
in the direction perpendicular to the back surface, and
the first rotary plate and the second rotary plate are sup-
ported rotatably within the plane being parallel to the back
surface, assuming the shaft Z as the rotation axis. As
shown in FIG. 21, a nut 1631 is fixed on one end of the
axis 160, and the other end is fixed on the structure of
the main body 10, via a double nut 1636. The first rotary
plate 161 is placed between the fixture 1632 for fixing
the nut 1631 and the first washer 1633, and the second
rotary plate 162 is placed between the first washer 1633
and the second washer 1634. Then, clamping force ap-
plied to each washer adjusts the frictional force (resist-

ance) of the rotation about the shaft Z. In the present
embodiment, the frictional force onto the second rotary
plate 162 is adjusted to be larger than the frictional force
onto the first rotary plate 161. In other words, the rotary
torque of the first rotary plate is smaller than the rotary
torque of the second rotary plate.
[0080] With this structure, under the condition that the
stand portion 70 and the handle 60 are raised outwardly
from the concave portion 15a, the stand portion 70 is
manipulated rotationally, thereby allowing the second ro-
tary plate 162 to rotate around the shaft Z. Accordingly,
as shown in FIG. 22(a) and FIG. 22(b), it is possible to
use the apparatus, placing the main body 10 on the table,
in any of the following postures; in portrait mode or in
landscape mode. When this stand portion 70 moves ro-
tationally, the first rotary plate 161 is rotated integrally
with the second rotary plate 162.
[0081] On the other hand, when only the handle 60 is
raised up outwardly and manipulated rotationally, under
the condition that the stand portion 70 is stored in the
concave portion 15a, the second rotary plate 162 on
which the stand portion 70 is fixed does not rotate, since
the rotation of the stand portion 70 is restricted by the
side surface of the concave portion 15a. Therefore, only
the first rotary plate 162 and the handle 60 fixed thereon
rotate, thereby allowing the handle 60 to move to any
position in the rotating direction. With this configuration,
as illustrated in FIG. 23(a) and FIG. 23(b), it is possible
to hold the handle 60 in any of the states; portrait or land-
scape, and even when it is used while being placed on
the arm, for instance, the angle with respect to the main
body may be changed arbitrarily.
[0082] In the present embodiment, as described
above, the frictional force on the rotation around the shaft
Z of the first rotary plate 161 and the second rotary plate
162 is adjusted in such a manner as being larger on the
second rotary plate 162 than the first rotary plate 161.
Therefore, even in the state where the stand portion 70
is raised and rotatable, it is possible to rotate only the
handle 60 independently.
[0083] As explained so far, the portable ultrasound im-
aging apparatus of the present embodiment is provided
with the handle 60 and the stand portion 70 being able
to be raised up from the back surface, on the back side
of a tablet structure, and they are rotatable independently
of each other, with respect to the main body 10. With this
configuration, the apparatus 10 is usable in any posture;
portrait or landscape, and further the angle between the
handle 60 and the back surface when holding the handle
60, and the angle when the stand portion 70 is raised,
may be set arbitrarily. Accordingly, this configuration may
enhance the usability.
[0084] In the present embodiment, the frictional force
of the rotation mechanism of the handle 60 is configured
as different from the frictional force of the stand portion
70, against the main body 10. However, if they are rotat-
able independently of each other, such difference in the
frictional force is not necessarily provided.
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[0085] In the present embodiment, it is explained that
the rotation axis of the handle 60 coincides with the ro-
tation axis of the stand portion 70. However, it is further
possible to configure such that they are supported by
different axes with respect to the main body. In this case,
either of the handle 60 and the stand portion 70 is folded
and stored into the concave portion 15a, and the other
one is raised up from the concave portion 15a and rotated
at any angle for use, thereby preventing interference ther-
ebetween. However, the embodiment as illustrated in the
drawings is preferable, in the points that the structure is
compact and flexibility in usage is high.

<Mounting structure of the probe connector>

[0086] Next, the mounting structure of the probe con-
nector will be explained. The portable ultrasound imaging
apparatus of the present embodiment is characterized in
that the back surface is provided with space for placing
therein a connector part of the probe, when the probe is
connected. In other words, the main body is provided
with a convex part with the maximum thickness equal to
or larger than the thickness of the connector part and
having a narrowed width portion that is narrower in width
relative to the main body, on the second surface (back
surface) on the other side of the first surface (front sur-
face) on which the display panel is provided. In the nar-
rowed width portion of the convex part, there is formed
a probe connector to connect the connector part.
[0087] Alternatively, the main body is provided with a
storage part that stores the connector, on the second
surface (back surface) on the other side of the first sur-
face (front surface) on which the display panel is provid-
ed. A probe connector to which the connector part is con-
nected is formed on the surface (side surface) being or-
thogonal to the second surface that faces to the storage
part.
[0088] FIG. 5 illustrates one example of the probe, but
there are various types of probe, depending on an ex-
amination target and an examination purpose. However,
the number of the terminals and the shape of the con-
nector 51 are substantially in common, and an identical
size is prepared, allowing any connector to share the port.
[0089] A conventional apparatus, such as a notebook
ultrasound imaging apparatus, in which the display panel
is openable and closable with respect to the apparatus
main body, the port of the probe connector is provided
on the side surface of the apparatus main body. When
the probe is connected to the port, the connector is placed
at a position protruding from the side surface of the main
body. In this case, while at work, there is a possibility that
the connector bumps against an external structure or a
person, and this may render the connection unstable, or
damage the connector. In the ultrasound imaging appa-
ratus of the present embodiment, the back side panel
151 and the back side cover 152 form the space for stor-
ing the probe connector on the back side, and the port
is provided facing to this space, thereby protecting the

connector from the aforementioned collision with the
structure or person.
[0090] With reference to the drawings from FIG. 24 to
FIG. 27, the back side structure will be explained. FIG.
24 illustrates the backside panel and the back side cover
of the portable ultrasound imaging apparatus, FIG. 25
illustrates only the essential portion of the cross sectional
view of FIG. 24, taken along A-A line, and FIG. 26(a) and
FIG. 26(b) illustrate the right side view and the left side
view of FIG. 24. FIG. 27 is a perspective view showing
one example of the probe connector. Also in FIG. 24, an
explanation is provided assuming temporarily that the
four orientations; up and down, left and right on the paper
respectively correspond to up and down, left and right of
the apparatus. However, the orientation of the apparatus
may vary freely, and the orientations used for the expla-
nation will not restrict the orientations of the apparatus.
[0091] As illustrated in FIG. 24, on the back surface of
the main body 10, there is provided the back side cover
152 having a convex shape as a whole relative to the flat
back side panel 151, and having a concave portion 15a
at the center. In the case where the apparatus is provided
with the handle and the stand portion, the concave portion
15a may serve as the space for storing them. The handle
and the stand portion are not illustrated in FIG. 24.
[0092] The back side cover 152 has a planar section
152a being parallel to the back side panel 151 and the
distance from the back side panel 151 being the largest,
upper and lower side sections 152b being curved at a tilt
from the planar section 152a toward the upper end and
the lower end of the main body 10, respectively, and left
and right side sections 152c formed, at the position inner
than the left and right ends of the main body 10, from the
planar section 152a to the back side panel 151. The left
and right side sections 152c are curved in the vertical
direction toward the upper end and the lower end of the
apparatus 10, and joined to the side sections 152b. Ac-
cording to the shape of the back side cover 152, there is
formed the space (concave portion 15b) with a trapezoi-
dal shape or a semilunar shape when viewed from the
back side, between the side section 152c of the back
side cover 152 and each of the left and right ends of the
back side panel 151.
[0093] As shown in FIG. 27 (b), the port 17 for con-
necting the connector 51 of the probe 50 is formed sub-
stantially in the center (a planar part) of the side section
152c of the back side cover 152 forming the space (the
concave portion 15b). This center part corresponds to
the narrow width part where the width of the back side
cover 152 becomes the narrowest, relative to the width
of the main body 10. In the embodiment being illustrated,
the port 17 is provided on the side section 152c on the
left, out of both side sections, but it may be provided on
the right. In proximity to the port 17, there is provided a
lock button 18 configured to lock the connection state of
the connector 51 that is connected to the port 17. A mech-
anism to lock the connection state of the connector 51
via the lock button 18 and a release mechanism thereof,
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are similar to the mechanism of a publicly known ultra-
sound imaging apparatus. Therefore, an explanation
thereof is skipped here.
[0094] Here, relations between the space 15b formed
by the side section 152c and the back side panel 151,
and the probe connector 51 will be explained. As illus-
trated in FIG. 25, the maximum height hmax of the side
section 152c (i.e., the maximum thickness of the back
side cover 152) is nearly equal to or larger than the thick-
ness h of the probe connector 51 as shown in FIG. 27.
The distance L between the side section 152c and the
left end or right end of the back side panel 151 is nearly
equal to an average width W of the probe connector.
Therefore, when the connector 51 is plugged into the port
17 to connect the probe 50 with the apparatus main body
10, the connector 51 is placed substantially in the same
plane as the back side surface, and the connector may
not protrude considerably from the side surface of the
apparatus main body 10. This configuration allows the
connector 51 not to project from the main body 10, pre-
venting collision with a structure or a person outside the
apparatus, and damage therefrom. Since the connector
51 is placed within the back surface of the apparatus, it
is further possible to maintain stable posture, when the
main body 10 is placed flatly on a table, without raising
up the handle 60 or the stand portion 70.
[0095] Since the side surface of the back side cover
152 that delimits the space 15b has a rounded shape
being curved (semilunar shape) or a tilted shape (trape-
zoidal shape), the cable 52 being out from the connector
51 that is connected to the port 17 may be stored partially
in the space 15b, and it is guided toward outside along
the curved shape or the tilted shape. In addition, when
the probe is manipulated on the side of the apparatus, a
person or an object may not come into contact with the
vicinity of the connector 51 of the cable 52, thereby pre-
venting unreasonable force to be applied to the connec-
tion part.
[0096] The port 17 may be provided on both of the left
and right side sections 152c. Alternatively, the port for
the probe is provided on only one side (on the left side
when viewed from the back surface), and the other side
may be provided with a connecting terminal, e.g., USB
port 19 (FIG. 26) for connecting an electronic device,
such as a memory, or a power source. In the present
embodiment, the port 17 is provided on the left side when
viewed from the back surface, and plural USB ports 19
are provided on the right side. With those connection
terminals being provided, the main body 10 may be
equipped with minimal devices, and if necessary, con-
nection with a memory or an external device may be es-
tablished, thereby achieving weight saving of the main
body and multifunction of the apparatus. On the other
hand, if the ports for the probe are provided on both sides,
this configuration allows connection to plural probes, or
it is further possible to select the port depending on the
dominant hand of the operator or the posture during the
examination.

[0097] In the portable ultrasound imaging apparatus of
the present embodiment, when the probe connector 51
is connected to the main body 10, the space 15b is pro-
vided, enabling the connector 51 and most of the cable
part thereof connected thereto to be placed within the
volume of the rectangular parallelepiped defining the tab-
let shape of the main body 10, thereby achieving stable
posture and protection of the connector 51 which is likely
to be expensive.
[0098] In the embodiment as illustrated, there are pro-
vided on both sides of the back side cover, the sections
(concave portions 15b) recessed inwardly from the side
surfaces of the main body 10, and the port 17 of the con-
nector 51, USB ports, and the like, are provided respec-
tively in those sections. By way of example, as shown in
the drawings from FIG. 28(a) to FIG. 28(c), it is possible
that only one side is provided with the space, or the shape
or the position of the concave portion 15b may change
variably.
[0099] FIG. 29 illustrates another example of the probe
that is applicable to the present embodiment. This probe
500 is a wireless-type probe for wirelessly sending and
receiving signals to and from the apparatus main body
10, and it is provided with a probe main body 510, an
operating portion 520, and a cable 530 for establishing
connection between the probe main body 510 and the
operating portion 520.
[0100] The probe main body 510 has the same config-
uration as the probe main body 50a of the probe 50 as
shown in FIG. 5, and it is made up of one dimensional
array or two dimensional arrays of ultrasound transduc-
ers (piezoelectric elements), a backing material, and the
like, a surface where piezoelectric element arrays are
arranged, coming into contact with the subject with pres-
sure, transfers ultrasound waves to the inside of the sub-
ject, and receives ultrasound echo signals reflected from
the inside of the subject.
[0101] The operating portion 520 has a size allowing
the operator to hold it in hand for manipulation, similar to
the probe main body 510, and as shown in FIG. 30, it is
provided with radio equipment (wireless send and re-
ceive means) 521, and the operation button 522. The
radio equipment 521 converts the electric signals from
the piezoelectric element array 511 in the probe main
body 510 and signals from the operation button 522, into
electric waves and infrared rays, and further converts the
electric waves and infrared rays transferred from the ra-
dio adapter (wireless transmit and receive means) on the
main body 10 side, into electric signals and outputs the
signals to the piezoelectric elements 511.
[0102] The radio adapter on the main body 10 side is
connected to the port 17 to which the connector 51 of a
wired probe is connected, and the radio adapter is stored
in the space 15b on the back side of the main body, to
which the port 17 faces.
[0103] The operation button 522 sends a predeter-
mined command to the ultrasound imager 40, and one
or more than one buttons may be provided. The function
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of the operation button may be redundant with any of the
functions of the operation buttons provided on the oper-
ation panel 20, or it may have a different function. By way
of example, it may be provided with functions for per-
forming a process that is frequently executed during the
examination, such as a freeze key for pausing the display
screen during the imaging, and a record key for recording
and storing the image on the display screen. When the
probe main body 510 has a built-in battery, or the like, a
switch for the function of on/off may be included.
[0104] This probe 500 is further provided with a mech-
anism to couple the probe main body 510 with the oper-
ating portion 520 in a detachable manner. Specifically,
as shown in FIG. 29, a hook 523 and a hook receiver 513
to be engaged with each other are formed respectively
on the external cases of the operating portion 520 and
the probe main body 510. In the illustrated embodiment,
the hook receiver 513 is formed at a part that serves as
a holder of the probe main body 510, and the hook 523
is formed on one surface of the operating portion 520
having the shape of approximately rectangular parallel-
epiped. The flat surface of the hook 523 is made to slide
to be inserted into the hook receiver 513, thereby cou-
pling both parts. FIG. 31 illustrates the coupled state. In
this case, since the probe main body 510 and the oper-
ating portion 520 are joined, they may be carried while
hooked on a hand or on other equipment as appropriate,
or they may be moved along with other equipment, under
the condition that the cable 530 is tied together into a
loop-like bundle.
[0105] As illustrated in FIG. 32, when an examination
is performed, the hook 523 is utilized to hook the oper-
ating portion 520 in a pocket or on a belt of the operator,
allowing the operator to manipulate the probe main body
510 under this condition. The hook 523 may be a clip
type, and in that case, the operating portion may be se-
cured on any position by the clip.
[0106] As for the wireless probe 500 as shown in the
drawings from FIG. 29 to FIG. 32, the probe main body
510 and the operating portion 520 are connected via the
cable 530, but it is possible to eliminate the cable. In this
case, as shown in FIG. 33, the probe main body 510 is
provided with the operating portion 520 and a wireless
transmit and receive means (not illustrated).
[0107] Instead of the probe 50 that is connected to the
main body 10 via the cable as shown in FIG. 5, the wire-
less probe 500 as described above may be employed,
and this further facilitates carrying the probe and treating
the probe during the examination.

<Multifunctional operation buttons>

[0108] Next, an explanation will be provided as to the
multifunctional operation buttons being a characteristic
of the portable ultrasound imaging apparatus of the
present embodiment.
[0109] The operation panel 20 of the portable ultra-
sound imaging apparatus of the present embodiment is

a type of touch screen (touch panel), and there are pro-
vided operation buttons 21 to 27 that fulfill the button
functions according to touch operations by the operator.
The touch panel is provided with a pair of electrodes be-
ing placed placing a spacer therebetween to sense var-
iation in voltage between both electrodes being caused
by the operator’s finger coming closer, or variation of re-
sistance caused by the depression by the finger. There
are known a capacitance touch panel and a resistive
touch panel, and any of those touch screens may be em-
ployed. The operation panel 20 of the present embodi-
ment is characterized in that the shape of the operation
button is not flat relative to a surface of the touch screen,
and it has a predetermined concave shape. The function
of the operation button may vary depending on a mode
of imaging and a flow of examination, and this variation
is one of the other characteristics.
[0110] The shape of the button may not be the concave
but a convex shape protruding from the touch screen
surface, or it is further possible to provide a convex por-
tion partially protruding in the concave shape. As the but-
ton shape, the concave or the shape having a partial
convex portion within the concave is preferable, in order
to prevent malfunctions of the buttons.
[0111] Firstly, with reference to FIG. 34 and FIG. 35,
an explanation will be provided as to a characteristic in
the shape of the operation button. FIG. 34(a) and FIG.
34(b) schematically illustrate a cross section and a planar
form of the operation panel, FIG. 35 (a), FIG. 35(b), and
FIG. 35(c) are cross sectional views and top views of the
operation buttons 21, 23, and 24 provided on the oper-
ation panel of FIG. 34. FIG. 34 illustrates, as an example,
a capacitance (projective) touch panel, but the touch pan-
el is not limited to this type.
[0112] As shown in FIG. 34(a), the touch panel 200
constituting the operation panel 20 has a structure lam-
inating via an adhesive layer 206, a first layer electrode
202 formed on the first substrate 201, a second layer
electrode 204 formed on the second substrate 203, and
a cover 205 being an uppermost layer. The first layer
electrode 202 and the second layer electrode 204 may
be made of a conductive material, such as ITO, for in-
stance, and they are formed as rectangle electrode pat-
terns according to a method such as a sputtering, on the
substrates 201 and 203 made of an insulator such as
glass and plastic. The cover 205 is also made of an in-
sulator such as plastic, similar to the substrate. The align-
ment of the rectangles of the first layer electrode 202 and
the second layer electrode 204 are orthogonal to each
other, and one serves as X-electrode, and the other
serves as Y-electrode. When current flows in those elec-
trode patterns, variation in capacitance is sensed, which
is generated on the cross point of the electrode patterns,
immediately below the position where the operator touch-
es the cover, thereby detecting the operation performed
by the operator.
[0113] The touch panel 200 of the present embodiment
features that the positions on the cover 205 respectively
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corresponding to the operation buttons 21 to 27, are
formed in the concave shape, being lower than the cover
surface. With forming the operation buttons in this con-
cave shape, the operator is allowed to know the position
where to manipulate, even when he or she faces a patient
being the examination target, or when the operator is
checking the image, for instance, without turning his or
her eyes toward the operation panel 20.
[0114] Further in the present embodiment, the con-
cave shape of the operation button varies depending on
the function of the button. The functions of the button
may include, a function to select a predetermined oper-
ation or turn on/off the operation according to depressing
action, a function of instructing to change a numerical
value according to the rotational manipulation of the fin-
ger, and a function of instructing to change the position
according to the shifting operation of the finger, and the
like. By way of example, the operation buttons 21, 22,
26, and 27 are provided for selecting predetermined ac-
tions or inputting of/off only, and it is only required to
detect whether or not there is a touch operation on a
position where the button is located. This shape is a
spherical concave, as illustrated in FIG. 35(a), which al-
lows easy touch and makes dirt hardly built up. The size
is not limited, but by way of example, the diameter of the
outer periphery is around 10 to 20 mm, and the depth of
the concave is around 1 mm.
[0115] The operation buttons 23 and 25 have a function
of instructing to change numerical values, according to
the rotational manipulation by a finger, and it is possible
to input a selection of processing (menu), increase or
decrease of a numerical value, positional shifting, and
the like. As shown in FIG. 35(b), the operation buttons
23 and 25 have a circular outer periphery similar to the
operation buttons 21, etc. The diameter thereof is larger
than that of the operation buttons 21, etc., and there is
space inside the concave part 231, allowing the finger of
the operator to move rotationally, with a convex part 232
formed on the center thereof. The size of the operation
buttons 23 and 25 is not limited, but by way of example,
the diameter is around 25 to 40 mm, the depth of the
concave is around 1 mm, and the diameter of the convex
part 232 is around 10 to 15 mm. As for the operation
buttons 23 and 25 with this shape, the concave space
231 is touched by the finger and the finger performs clock-
wise or anticlockwise movement, thereby changing the
touched point, i.e., the cross point of the electrode pat-
terns. Then, the variation in position of the cross point is
detected as variation of a predetermined numerical val-
ue, or the like.
[0116] The operation button 24 has a function of in-
structing a shift of the position according to the shifting
operation of the finger, i.e. , the track ball (track pad) func-
tion, and this operation button has the concave shape,
with a flat bottom. FIG. 35(c) illustrates the button with a
circular outer periphery, but as far as there is an area
that allows the finger touching the cover 205 to perform
dragging operations, any shape is applicable. On this

operation button 24, the finger shifts in any direction while
the finger is touching the flat bottom, thereby allowing
the pointer displayed on the screen of the display panel
30 to move to any position on the screen, thereby setting
a position or region via the pointer, for instance, setting
an ROI or the width of sample gate, measuring the dis-
tance, or the like.
[0117] Next, with reference to FIG. 36 to FIG. 40, func-
tional variation of the operation button will be explained,
being a second characteristic of the operation panel of
the present embodiment. In the following explanation,
operation buttons provided on the operation panel 20 are
taken as an example. It is to be noted, however, that this
characteristic is also applicable to the operation button
81 on the handle and the operation button 82 on the main
body back side, as explained in the first embodiment.
[0118] On the operation panel of a conventional ultra-
sound imaging apparatus, there are provided plural op-
eration buttons and pointers, each of which is assigned
one function. Functions necessary for operating the ul-
trasound imaging apparatus are diverse, and for exam-
ple, the imaging mode may include, B-mode, M-mode,
D (Doppler) mode, 3D mode, and the like, and there are
various conditions to be set for each imaging mode and
various processes performed during the imaging. There-
fore, in order to ensure operability and arrange such large
number of operation buttons, the operation panel has no
other choice but to be a large area. In the present em-
bodiment, plural functions are assigned to one operation
button, and those functions are switched, thereby pro-
viding the operation panel that is suitable for a tablet-type
small-sized ultrasound imaging apparatus.
[0119] FIG. 36 is a functional block diagram showing
functions of the controller 43 that controls the GUI con-
figured by the operation panel and the display panel, and
FIG. 37 is a flow diagram showing a control procedure.
[0120] As shown in FIG. 36, the controller 43 is provid-
ed with a main controller 430, a button function switch
431, a numerical value calculator 432, a display controller
433, and an imaging controller 434.
[0121] When a predetermined operation mode is se-
lected according to manipulation on a particular operation
button of the operation panel 20, the button function
switch 431 switches the functions of other operation but-
tons along with the selected operation mode. By way of
example, the functions are switched in such a manner
that plural conditions that are usually set in the predeter-
mined imaging mode are inputted sequentially. The order
for inputting the conditions may be configured in ad-
vance, or the order may be selected by a user. In the
predetermined imaging mode, functions may be
switched in such a manner that a general examination
routine is sequentially executed. Details of the function
switching will be described later.
[0122] When the operation button having the numeri-
cal value input function (hereinafter, collectively referred
to as the operation button B) is manipulated, the numer-
ical value calculator 432 calculates the amount of change
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of the numerical value such as an imaging condition that
is assigned to the operation button B. By way of example,
when the operation buttons 23 as shown in FIG. 35 is
manipulated, the distance (angle) operated by the finger
is calculated according to the change of the coordinate,
and it is converted into the amount of change from a
preset value of the condition being assigned to the op-
eration buttons 23 when the value was manipulated
(e.g. , gain, frequency, and the like). When the operation
button having the track ball function (hereinafter, referred
to as the operation button C) is manipulated, the position
or distance the pointer has moved is calculated. Then, a
result of the calculation is transferred to the imaging con-
troller 434 and the display controller 433.
[0123] The display controller 433 controls displaying
of various-mode images and displaying of GUI. By way
of example, a pointer is displayed on the screen, and the
pointer is moved along with the operation of the operation
button C. In addition, the display controller displays the
region set by the operation button C, by a linear diagram
indicating the ROI, in a superimposing manner on the
image. Further, in response to the operation on the op-
eration button B, the display controller performs magni-
fication change such as scaling of the image, and dis-
plays the calculation result by the numerical value calcu-
lator 432, in a display region other than the image.
[0124] The imaging controller 434 controls each ele-
ment (ultrasound transmitter and receiver, and the like)
of the imager 40 so that the imager performs starting of
measurement in the imaging mode being selected, and
pausing M-mode tracing or D-mode tracing, referred to
as "freeze", in response to the manipulation on the op-
eration button (hereinafter, referred to as the operation
button A) having a function of a specific on/off function,
or the measurement is performed according to the imag-
ing conditions being set in response to the manipulation
on the various operation buttons.
[0125] In view of the configuration of the aforemen-
tioned controller 43, an explanation will be provided as
to the procedure of the controller, focusing on the switch-
ing function of the operation buttons, along with the pro-
gression of the measurement. FIG. 37 is a flow showing
one example of the procedure. It is to be noted that in
the following explanation, the function assigned to each
operation button is just one example, and the corre-
spondence between the function and the operation but-
ton may be changed optionally.
[0126] When the power supply of the apparatus is
turned on, as illustrated in FIG. 38, there is displayed a
menu screen (menu display block 301) including choices
of the imaging mode (step S101). In this case, information
and previous data regarding the examination target are
read from the memory, or the like, connected to a USB
port, for instance. Thus read-in patient information, and
the like, may be displayed in the patient information dis-
play block 302. In the case where a preset value of the
imaging condition is determined for each examination
region, a menu screen for selecting the examination re-

gion may be displayed on the screen. The present value
of the imaging condition may be read from an external
memory. When the imaging mode is displayed on the
menu screen (menu display block 301), the functions are
assigned to the operation buttons as the following, for
instance; a function of the imaging mode selection button
is assigned to one of the operation buttons B (e.g., the
operation buttons 23), and a function of finalizing the im-
aging mode selection is assigned to one of the operation
buttons A (e.g., the operation buttons 26).
[0127] FIG. 39 illustrates one example of the function
assignment on the operation buttons provided on the op-
eration panel as shown in FIG. 34. In the example as
illustrated, in the initial state, the operation button 21
serves as a "reset button" for the apparatus to resume
the previous state, the operation button 22 serves as a
"pause" button or "freeze" button to pause the process
currently progressing, the operation button 23 serves as
a "menu selection button", the operation button 24 serves
as a "position designation" button, the operation button
25 serves as a "numerical value designation" button or
a "preliminary menu selection" button, the operation but-
ton 26 serves as "Enter" button for finalizing the opera-
tion, and the operation button 27 serves as an "exami-
nation start" button.
[0128] In this initial state as described above, firstly,
the operation button 23 is manipulated to select any item
from the plural items in the menu displayed on the display
screen.
[0129] In selecting the menu item, when the concave
part 231 of the operation buttons 23 is manipulated by
the finger, a highlighted item position moves variously
along with the movement of the finger, among the plural
menu items displayed on the display screen. When a
menu item to be selected is highlighted, the movement
of the finger is stopped, and the operation button 26 is
touched. Then, this finalizes the selecting operation ac-
cording to the operation button 23, and the menu item
being highlighted is selected. The menu item being se-
lected initially is an imaging mode, for instance. The ul-
trasound imaging apparatus is provided with plural im-
aging modes; B-mode, M-mode, D-mode (Doppler
mode), and the like, and the aforementioned operation
selects any of the imaging modes (step S102).
[0130] When the B-mode is set as the imaging mode,
for instance, the button functions are switched to set the
imaging conditions of the B-mode, and on the display
screen as shown in FIG. 38, the B-mode imaging condi-
tions are displayed in the imaging condition display block
303. In the menu display block 301, there are displayed
an image and a GUI necessary for setting the conditions.
The display controller 433 performs this display switch-
ing.
[0131] The B-mode imaging condition includes; fre-
quency, gain, and the depth, width, oblique angle, focus
position, and focus zone position of a target portion to be
displayed, and other conditions relating to the displaying
operation, such as contrast of the displayed image and
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noise removal. Some conditions may be set prior to start-
ing the measurement and other conditions may be set
after starting the measurement, and when the imaging
conditions are preset as described above, the examina-
tion starts after modifying the preset values, or without
performing the modification. In other words, when the
"examination start" button 27 is manipulated after select-
ing a menu item (S103), the ultrasound beam scanning
starts without setting the conditions, and the examination
starts. If the examination start button 27 is not manipu-
lated, the button function is switched to the function of
setting the conditions for the imaging mode being select-
ed (S104). In order to set plural conditions using a small
number of operation buttons, in the embodiment as
shown in FIG. 37, the function of the operation button is
switched to a function for a different imaging condition,
after one imaging condition is finalized. The order of the
imaging conditions to be switched is predetermined and
stored in the memory part 435, and the button function
switch 431 switches the button functions, according to
the predetermined order, thereby setting the imaging
conditions sequentially.
[0132] By way of example, upon setting the initial con-
ditions, it is assumed that the operation button 23, the
operation button 24, and the operation button 25 are
switched to have the functions of setting the oblique an-
gle, adjusting the position (depth and width), and setting
the focusing position, respectively. In this case, when the
ring-like part of the operation button 23 is manipulated
by the finger, there is displayed a diagram on the display
screen (e.g., the block 301 in FIG. 38), showing the ob-
lique angle with respect to the vertical plane, and the
angle varies along with the movement of the finger. Spe-
cifically, when the operation buttons 23 is rotationally ma-
nipulated with touching the concave part 231 thereof by
the finger, in clockwise or in anticlockwise, the numerical
value calculator 432 calculates positional change, and
further calculates the amount of angular change in asso-
ciation with the amount of positional change. The display
controller 433 creates a linear diagram representing the
oblique angle, in accordance with the amount of angular
change, calculated by the numerical value calculator 432,
and display the linear diagram on the display panel, in
such a manner as superimposed on the vertical image.
The angle being calculated may be displayed in the form
of a numerical value. The linear diagram representing
the oblique angle or the numerical value of the angle
continues to vary, as far as the manipulation of the op-
eration buttons 23 continues, and if the moving direction
of the finger is turned to be opposite, the variation of the
angle is also inverted. When a desired oblique angle is
displayed, the operator touches the operation buttons
26, thereby finalizing the oblique angle.
[0133] In addition, when the operation buttons 24 is
manipulated, the pointer is placed at a desired position,
and upon touching the operation buttons 26, a start point
in the X-direction (width) or in the Y-direction (depth) is
determined. Subsequently, on the operation buttons 24,

dragging operation is performed to move the point by
desired distance in the X-direction or in the Y-direction,
and upon touching the operation button 27 at a halting
point, the end point in the X-direction or in the Y-direction
is determined. With those operations as described
above, it is possible to finalize the depth and the width
of the target portion that is displayed in the B-mode.
[0134] The operations above are similar in setting the
focus, but setting the focus may include plural processing
such as setting a position or a focus zone, and it is also
possible to change the functions of the operation buttons
hierarchically, so that the setting is performed by com-
bining the operation buttons 23 to 25.
[0135] Also in the case of setting a condition other than
the aforementioned conditions, when setting of one con-
dition is finished, the button is made operable after
switching the function used for setting that previous con-
dition, to set the next condition (S105, S106, and S104).
It is to be noted that one of the operation buttons, for
example, the operation button 22 is assigned a skip func-
tion for skipping the predetermined order of condition set-
ting, so that setting or modification may be skipped as to
the conditions that the operator does not need to change
(the operation is executable under the default condi-
tions).
[0136] When setting of necessary conditions is com-
pleted, the functions of the operation buttons are
switched so that according to each operation button, fol-
lowing processing is executed during the examination,
such as changing the conditions during the examination,
adjusting the contrast, setting an ROI and sample region,
and TIC analysis (S107). As illustrated in FIG. 39, for
instance, the function for adjusting the variation of nu-
merical values such as the contrast, is assigned to the
operation button 23 and the operation button 26 (Enter
button) for finalizing the adjustment, the function for in-
structing the processing that needs positional designa-
tion, such as setting the ROI or the sample region, is
assigned to the operation buttons 24, and the function
for instructing to start a predetermined processing such
as the TIC analysis is assigned to the operation buttons
25 and the operation buttons 26 (Enter button). Modifi-
cation of the conditions during the examination may be
assigned to the operation buttons 21, for instance, and
it is further possible to configure such that when this op-
eration button is manipulated, the process returns to the
processing loop (S103 to S106) for setting the conditions.
[0137] After switching the button functions in the step
S107, when the operation button 27 for the "examination
start" is manipulated, the measurement is started, and
the display controller 433 displays a B-mode image on
the display screen (e.g., display block 301). In the middle
of the examination, when the operation button which is
assigned the function for instructing a predetermined
process is manipulated, this process starts (S109 and
S110). If the number of processing during the measure-
ment, including the condition setting for displaying, and
the like, is not able to be covered by the number of op-
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eration buttons provided on the operation panel 20, the
button functions are switched as explained in the step
S110 to S112. Also in this case, the processing is per-
formed according to a predetermined order and this is
similar to the step S105 for setting the conditions. Fur-
thermore, a specific operation button is assigned the skip
function to skip unnecessary processing.
[0138] In the initial imaging mode selection (S102),
when the M-mode or the D-mode is selected, the condi-
tions being set and the details of the processing per-
formed during the measurement may be different, but
the examination proceeds, with switching the functions
of the operation buttons, basically according to the pro-
cedure as shown in FIG. 37. In the M-mode or the D-
mode, the image displayed during the examination is fre-
quently paused, and processing for recording (freezing)
the image is performed as required. For this kind of highly
frequent processing, one or two operation buttons are
assigned the functions for instructing "freeze", "record",
and the like, during the time of examination, enabling the
"freeze" or "record" operation to be performed as needed.
As illustrated in FIG. 39, for instance, the operation button
A (e.g., the operation buttons 22) is assigned the freeze
function. When the apparatus becomes in the state of
"freeze" according to the manipulation of this operation
buttons 22, the operation button B (e.g., the operation
buttons 23) is provided with a function for sequentially
displaying the images before the freeze state, and simul-
taneously the function of the operation buttons 22 is
switched from the function for instructing to perform
"freeze", to the function for instructing to perform "record".
[0139] By switching the button functions according to
the processing flow and procedure, the operator is al-
lowed to proceed with the examination smoothly. Instruc-
tions such as pausing and finalizing the operation, and
starting the examination are assigned to identical oper-
ation buttons, whereby the operator is allowed to proceed
with the examination without hesitation, even when the
button function varies.
[0140] In the embodiment as shown in FIG. 37, it is
described that the button functions are sequentially
switched in setting plural conditions n, or plural process-
ing and manipulations, and switching of the button func-
tions for this case may include switching not only one
operation button but also plural operation buttons simul-
taneously. In other words, there is a possibility that func-
tions of some operation buttons are switched, but the
functions of some other operation buttons are not mod-
ified.
[0141] In the example as shown in FIG. 37, it is ex-
plained that the conditions and the order of the processes
are determined in advance, but it is alternatively possible
to display plural conditions as menu items as shown in
FIG. 40, without determining the order, and a condition
is selected from the menu items for the condition setting.
For this case, when one item is selected on the menu
screen for selecting the imaging mode, for instance, the
display controller 433 switches the screen to another

screen displaying conditions that are to be set in the se-
lected imaging mode (S121). On this screen, the imaging
conditions associated with the selected imaging mode
(e.g., the B-mode) are displayed as the menu items, and
thus according to the manipulation of the operation button
B or the operation button C (e.g. , the operation button
24), a condition to be set is selected on the screen where
plural conditions are displayed. For selecting a desired
condition, for instance, the operation buttons 24 is ma-
nipulated to move the position of the pointer on the
screen, to the block indicating the condition (e.g., fre-
quency) to be set, and then it is finalized by the Enter
button 26. According to this operation, a condition to be
set (e.g., any of the depth, oblique angle, gain, and the
like) is selected.
[0142] Next, setting of thus selected condition is per-
formed (S122). The condition is set, by manipulating the
operation buttons 23, for instance, in such a manner as
touching the concave part 231 thereof by the finger, and
turning the button in clockwise or anticlockwise. The nu-
merical value calculator 432 calculates the change of po-
sitions, and further calculates a numerical value of fre-
quency in association with the amount of positional
change. Then, the display controller 433 displays the nu-
merical value of frequency in the condition display block
303 (FIG. 38). When the operator touches the operation
button 26 at the time when a desired numerical value is
displayed, that finalizes the frequency.
[0143] When one condition is set, the process returns
to the step S121, and the button functions are switched
to prepare for selecting another condition block from the
condition menu selection screen, until the examination
start button is manipulated (S103). The steps S121 and
S122 are repeated until setting of the necessary condi-
tions is completed. When the examination start button is
manipulated, the button function is further switched to
proceed with the measurement. This procedure corre-
sponds to the procedure from the steps S107 to S112 as
shown in FIG. 37.
[0144] The portable ultrasound imaging apparatus of
the present embodiment is configured such that the op-
eration button is formed as a touch-panel type, and the
function of the operation button is switched in response
to the examination procedure or the imaging mode,
whereby only small number of operation buttons enables
implementation of various imaging condition setting and
various processes, within a restricted area that is caused
by the tablet type apparatus.
[0145] According to the portable ultrasound imaging
apparatus of the present embodiment, the shape of the
operation button is configured as a concave form or a
convex form, relative to the operation surface, thereby
allowing the operator to manipulate the operation panel
with reliability, even while paying attention to the patient
or the image shown on the display panel. In particular,
the shape of the button varies depending on the function
of the operation button, thereby implementing various
functions and enhancing the reliability in operation.
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[0146] It is to be noted here that the operation buttons
as shown in FIG. 34 and FIG. 35 are just examples, and
the types, the number, or the layout of the operation but-
tons may be changed as appropriate. In addition, the
assignment of the functions to the operation buttons as
shown in FIG. 39 is also an example, and it may be mod-
ified depending on the examination target portion and
the imaging mode.

<Holding structure of the probe>

[0147] The portable ultrasound imaging apparatus of
the present embodiment is characterized in that a probe
holder is provided on the back surface of the main body.
The probe holder may be mounted detachably on a sup-
port structure of the handle and/or the stand portion, for
instance.
[0148] During the examination, the probe is placed on
a portion of a patient, or the like, to perform examination,
and when the examination is suspended or upon carrying
the apparatus, it is necessary to store the probe in a hold-
er. The portable ultrasound imaging apparatus of the
present embodiment is provided with a probe support
structure (probe holder), by utilizing the support structure
of the handle 60 and the stand portion 70 on the back
surface of the main body 10.
[0149] Hereinafter, with reference to the drawings from
FIG. 41 to FIG. 43, details of the probe holder will be
explained. FIG. 41 illustrates the back surface of the main
body viewed from the back side in perspective, FIG. 42
is a cross-sectional view, and FIG. 43 illustrate the probe
holder and the cup in perspective, when the cup is re-
moved.
[0150] Those figures illustrate that both the handle 60
and the stand portion 70 are provided, and the probe
holder is applied to the apparatus having the same con-
figuration as the apparatus of FIG. 17. The feature of the
present embodiment is that the probe holder is provided
on the back surface. Therefore, both the handle 60 and
the stand portion 70 are not necessarily provided, and
only either one of the handle 60 and the stand portion 70
may be provided.
[0151] As illustrated, the handle 60 and the stand por-
tion 70 are foldably and rotatably mounted via the support
structure in the concave portion 15a of the back side cov-
er 152 provided on the back surface, and the cover 15c
covers the support structure. In the embodiment as
shown in FIG. 17, the cover 15c has the circular shape,
but in here, the cover 15c may have the shape with the
left and right sides being cut off, and the probe holder 90
is mounted in such a manner as pinching both sides of
the cover 15c.
[0152] As illustrated in FIG. 43, the probe holder 90 is
made up of the cup supporter 91 and two legs 92 con-
nected to the reverse side thereof, and they may be made
of plastic, metal, or the like, and prepared by integrally
molded, for instance.
[0153] The cup supporter 91 is made up of a flat mem-

ber having an opening 91a into which the cup 95 fits, and
the opening 91a of the cup supporter 91 is partially
opened, and the inner periphery forms C-shape. In ad-
dition, a notch 91c having a substantially rectangular
shape is formed on the cup supporter 91 on the other
side of the opening 91a, provided back-to-back with the
opening 91a, and as a result, a pair of bent portions 91b
are formed making the notch 91c therebetween. The size
in the longitudinal direction of the notch being substan-
tially rectangle in shape, approximately coincides with
the width in the left and right direction of the cover 15
having the shape with the left and right sides being cut
off. The distance between the tips of the pair of the bent
portions 91b is made a little narrower than the width of
the cover 15c, and accordingly, as shown in FIG. 42, the
bent portions 91b is fixed on the cover 15c in such a
manner as placing the cover 15c therebetween.
[0154] The legs 92 extend substantially in the perpen-
dicular direction relative to the support surface of the cup
supporter 91, and the tips 92a thereof are bent, being
shaped like a letter L. The cover 15c covering the support
structure of the handle 60, and the like, has the concave
parts being formed, respectively in association with the
ends of the legs 92, and when the bent portions 91b of
the cup supporter 91 are mounted on the cover 15c, the
tips 92a of the legs 92 are structured to be engaged with
the concave parts formed on the cover 15c, to support
the probe holder 90 together with the bent portions 91b.
[0155] The cover 15c may be provided with a portion
(narrowed width portion) whose width in the left-right di-
rection is narrower than the distance between the tips of
the pair of bent portions 91b, and in this case, the nar-
rowed width portion is utilized to render the probe holder
90 to be detachable. By way of example, after the bent
portions 91b of the probe holder 90 are inserted, the
probe holder is made to slide in the vertical direction,
from the narrowed width portion of the cover 15c, to the
position where the tips 92a of the legs 92 of the probe
holder 90 are engaged in the concave portions of the
cover 15c, the tips 92a are pressed into the concave parts
of the cover 15c, and accordingly the probe holder is
mounted. When the probe holder 90 is removed from the
cover 15c, this procedure is performed the other way
around.
[0156] As shown in FIG. 43, the cup 95 that is fixed on
the probe holder 90, is made up of integrally formed
flange portion 95a and cylindrical portion 95b continuous
thereto, and it is similar to the cup that is used in a general
probe holder. The cylindrical portion 95b has a diameter
that becomes gradually smaller, from the flange portion
95a to the end. The flange portion 95a and the cylindrical
portion 95b are provided with one slit 95c along the axis
of the cylinder, and this configuration facilitates putting
the probe 50a in and out, the probe being connected to
the cable 52 as shown in FIG. 5. The opening 91a of the
cup supporter 91 has the inner diameter substantially
equal to the outer diameter of the cylindrical portion 95b
of the cup 95, and by inserting the cup 95 from above
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the opening 91, the flange portion 95a is put on the sup-
port surface of the cup supporter 91, achieving a support
by the cup supporter 91. In this case, the opened part of
the opening 91a of the cup supporter 91 coincides with
the slit 95c of the cup 95.
[0157] The portable ultrasound imaging apparatus of
the present embodiment is provided with the structure
for supporting the probe holder on the back side of the
apparatus, and therefore, it is not necessary to prepare
the probe holder, separated from the main body, thereby
enhancing the convenience of the portable apparatus.
[0158] The probe holder of the present embodiment is
mounted, utilizing the space between the handle 60 and
stand portion 70, and it does not interfere with the func-
tions of the handle 60 and the stand portion 70. In other
words, even when the probe holder 90 is mounted, it is
possible to raise the handle 60 for manipulation, as far
as the probe is not placed on the probe holder, and further
pull out the stand portion 70 to make the apparatus to
stand on the table. Under this condition, as shown in FIG.
41, it is possible to put the probe 50 in the probe holder
90, or take out the probe 50 therefrom.
[0159] As described so far, the embodiment of the port-
able ultrasound imaging apparatus of the present inven-
tion has been explained as to each of the features. The
scope of the present invention is described in the claims,
and specific structures, shape, layout, and the number
of each element may be modified arbitrarily, within this
scope of the invention. In addition, some of the afore-
mentioned features are not absolutely necessary in the
present invention, and some features may be omitted.

Industrial Applicability

[0160] According to the present invention, the portable
ultrasound imaging apparatus is provided which allows
one hand to hold the apparatus, and the other hand to
manipulate the probe, and also allows manipulation via
the operating portion provided on the back side, achiev-
ing excellent ease of operation during the examination.
This portable ultrasound imaging apparatus facilitates
examination, not only in a laboratory, but also in a site
with spatial restriction such as a hospital room, a vehicle,
and a place of a house visit by a doctor.

Explanation of References

[0161] 10 ... main body, 11 ... front panel, 15 ... back
surface of the main body, 15a ... concave portion, 17 ...
probe port, 20 ... operation panel, 21 to 27 ... operation
buttons, 28, 29 ... operation buttons (back surface), 30 ...
display panel, 40 ... ultrasound imager, 43 ... controller,
431 ... button function switch, 432 ... numerical value cal-
culator, 433 ... display controller, 434 ... imaging control-
ler, 47 ... input part, 50 ... probe, 51 ... connector, 60 ...
handle, 70 ... stand portion, 81, 82 ... operation buttons
(operating portion), 90 ... probe holder, 100 ... ultrasound
imaging apparatus, 151 ... back side panel, 152 ... back

side cover

Claims

1. A portable ultrasonic imaging device comprising,
a main body incorporating an electronic circuit con-
stituting an ultrasound imager,
a display panel configured to display an image on a
front surface, when assuming one surface of the
main body as the front surface and assuming a sur-
face on the other side of the front surface as a back
surface, and
an operating portion on the back surface.

2. The portable ultrasonic imaging device according to
claim 1, wherein,
a handle is provided on the back surface, and the
operating portion is provided on the handle.

3. The portable ultrasonic imaging device according to
claim 1, wherein,
a handle is provided on the back surface, and the
operating portion is provided on the back surface of
the main body, in proximity to the handle.

4. The portable ultrasonic imaging device according to
claim 1, wherein,
the operating portion includes an operation button
configured to instruct a start and an end of operation,
or finalization of processing.

5. The portable ultrasonic imaging device according to
claim 1, wherein,
the operating portion includes an operation button
having a trackball function.

6. The portable ultrasonic imaging device according to
claim 2, wherein,
the operating portion is provided in a concave portion
placed on the handle.

7. The portable ultrasonic imaging device according to
claim 3, wherein,
the operating portion is provided in a concave portion
placed on the back surface.

8. The portable ultrasonic imaging device according to
claim 1, comprising,
either or both of a handle and a stand portion being
supported on the back surface, in such a manner as
rotatable and foldable with respect to the main body.

9. The portable ultrasonic imaging device according to
claim 8, comprising the main body comprises a sup-
port mechanism configured to support either or both
of the handle and the stand portion, wherein,
the support mechanism comprises a rotary plate ro-
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tatably mounted on the main body, and a hinge part
fixed on the rotary plate, and
either or both of the handle and the stand portion are
fixed on the rotary plate via the hinge part.

10. The portable ultrasonic imaging device according to
claim 8, wherein,
a concave portion configured to store either or both
of the handle and the stand portion, is formed on the
back surface of the main body.

11. The portable ultrasonic imaging device according to
claim 8, comprising a probe holder in proximity to
either or both of the handle and the stand portion.

12. The portable ultrasonic imaging device according to
claim 1, comprising an operation panel in parallel
with the display panel, on the front surface of the
main body.

13. The portable ultrasonic imaging device according to
claim 12, wherein,
both the operation panel, and the operating portion
on the back surface, serve as an input unit of the
ultrasound imager.
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