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(54) ULTRASONIC DIAGNOSTIC DEVICE

(57) An ultrasonic diagnostic apparatus (1) includes:
an ultrasonic probe (14) which transmits/receives an ul-
trasonic wave to/from an object (13) to be examined; an
image processing unit (16) which configures an ultrason-
ic image according to the ultrasonic reception signal out-
putted from the ultrasonic probe (14); an image display
unit (2) which displays the configured ultrasonic image;
a touch panel (3) arranged on the front face of the image
display unit (2); a touch position detection unit (5) which
detects a touch position on the touch panel (3); a touch
state detection unit (6) which detects a touch state on
the touch panel; a processing state detection unit (7)
which detects the current processing state; and a process
decision unit (9) which decides a process to be executed
according to at least one of the detected touch position,
touch state, and the processing state and executes the
process.
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Description

Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus for imaging and displaying ultra-
sonic images, particularly the ultrasonic diagnostic ap-
paratus comprising a touch panel for operation.

Background Art

[0002] In conventional ultrasonic diagnostic appara-
tuses, an operator sets a focus position by operating a
focus position switch for exclusive purpose. The operator
sets the focus position to be at the nearest position to a
diagnostic target portion while referring to an ultrasonic
image and a focus mark to be displayed on the side there-
of.
[0003] Also, the ultrasonic diagnostic apparatus has
been proposed that displays an operation button on an
image display unit on which a touch panel is placed (For
example, refer to [Patent Document 1]).
[0004] Patent Document 1: JP-A-2006-26256

Disclosure of the Invention

Problems to be Solved

[0005] However, in the focus setting in conventional
ultrasonic diagnostic apparatuses, selective focus posi-
tions are not precise, thus the optimal position needs to
be determined by switching the focus position several
times in the vicinity of the target region. When the previ-
ously selected focus point is away from the target region,
the number of times for operating the switch must also
be increased. Also, since a dedicated key for moving the
focus point is at a separate position from an image display
unit, the operator must move his/her line of sight from
the ultrasonic image while observing in a dark room and
looking at a keyboard to move the focus position. The
operator also needs to acquire full knowledge of the
switching procedure in advance.
[0006] In the technique disclosed in Patent Document
1, since an operating button is displayed on an image
display unit comprising a touch panel and the operator
has to use this displayed operating button (soft switch)
for setting a focus position, it does not save much trouble
over operating a dedicated operating button (hard switch)
thus saves hardly any labor.
[0007] Also, mounting of the touch panel on the image
display unit affects the display performance of observa-
tion images. Since the touch panel is operated directly
by touching with a finger tip, there are cases that obser-
vation images are not clearly displayed due to adhesion
of oil smudge, etc. If the operator pulls the image display
unit on which the touch panel for operation is attached
toward his/her hand, the image moves to a position in-
adequate for observation.

[0008] The objective of the present invention is to pro-
vide an ultrasonic diagnostic apparatuses with improved
operability and diagnosis efficiency.

Means to solve the problem

[0009] In order to achieve the above-described objec-
tive, the ultrasonic diagnostic apparatus of the first inven-
tion comprises:

an ultrasonic probe configured to transmit/receive
an ultrasonic wave to/from an object to be examined;
an image processing unit configured to reconstruct
an ultrasonic image based on the ultrasonic recep-
tion signal outputted from the ultrasonic probe;
an image display unit configured to display the re-
constructed ultrasonic image; and
a touch panel provided on the anterior surface of the
image display unit,
and is characterized in further comprising:

touch-position detection unit configured to de-
tect the touch position on the touch panel;
touch-state detection unit configured to detect
the touch state on the touch panel;
processing-state detection unit configured to de-
tect the current processing state; and
processing determination unit configured to de-
termine and execute the process to be per-
formed based on at least one of the detected
touch position, the touch state or the processing
state.

[0010] The ultrasonic diagnostic apparatus of the first
invention is provided with a touch panel on the anterior
surface of the image display unit. The ultrasonic diag-
nostic apparatus detects the touch position, touch state
and processing state on the touch panel, and determines
and executes the processing to be performed on the ba-
sis of the detected touch position, touch state and
processing state. The processes which can be selected
and executed are, for example, setting of focusing posi-
tion, setting of an ROI, setting of a Doppler sample point,
forward and backward inversion of Doppler image dis-
play, size setting of an ROI, scaling of an image, setting
of attributes associated with an object, or setting of pa-
rameters. Also, the ultrasonic diagnostic apparatus cre-
ates an operation image for supporting the operation on
the touch panel based on the detected touch position,
touch state and processing state, and display the created
image on the image display unit.
[0011] In this manner, the ultrasonic diagnostic appa-
ratus of the first invention switches the processing con-
tent and images for supporting the operation, whereby
improving operability or diagnosis efficiency.
[0012] The ultrasonic diagnostic apparatus of the sec-
ond invention comprises:
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an ultrasonic probe configured to transmit/receive
an ultrasonic wave to/from an object to be examined;
an image processing unit configured to reconstruct
an ultrasonic image based on the ultrasonic recep-
tion signals outputted from the ultrasonic probe; and
a first display unit configured to display the recon-
structed ultrasonic image;
characterized in further comprising:

a second display unit provided separately from
the first display unit, configured to display the
ultrasonic image;
a touch panel provided on the anterior surface
of the second image display unit,
touch-position detection unit configured to de-
tect the touch position on the touch panel;
touch-state detection unit configured to detect
the touch state on the touch panel;
processing-state detection unit configured to de-
tect the current processing state; and
processing determination unit configured to de-
termine and execute the process to be per-
formed based on at least one of the detected
touch position, the touch state or the processing
state.

[0013] The ultrasonic diagnostic apparatus of the sec-
ond invention comprises the first image display unit (ob-
servation monitor) configured to display the ultrasonic
images for observation, and the second image display
unit (operation monitor) to which the touch panel is pro-
vided for operation.
[0014] The ultrasonic diagnostic apparatus of the sec-
ond invention creates an operation image for supporting
the operation based on the detected touch position, touch
state and processing state, and displays the created im-
age on the first image display unit and/or the second im-
age display unit. The operation image to be displayed on
the first image display unit and the second display unit
may be the same or different.
[0015] Also, it is desirable to make the position corre-
sponding to the touch position on the touch panel on the
second image display unit identifiable and to be displayed
on the first image display unit. Also, it is desirable to dis-
pose the second image display unit comprising the touch
panel in the vicinity of the operation unit such as a key-
board of the ultrasonic diagnostic apparatus. Also, it is
desirable to make the second image display unit com-
prising the touch panel to be detachable or connectable
by a connection wire to the main body of the ultrasonic
diagnostic apparatus. Also, it may be configured so that
the guide for indicating the correspondence between the
touch state and the process is to be displayed on the
image display unit comprising the touch panel.
[0016] In this manner, the ultrasonic diagnostic appa-
ratus of the second invention is capable of improving op-
erability and operation efficiency, since touch panel op-
eration can be carried out on the operation monitor with-

out influencing the image observation on the observation
monitor by providing the operation monitor by comprising
the touch panel separately from the observation monitor.
Also, since there is no need to include the touch panel
on the observation monitor, image quality of display per-
formance in the observation monitor does not have to be
deteriorated.

Effect of the Invention

[0017] In accordance with the present invention, the
ultrasonic diagnostic apparatus capable of improving op-
erability and display function can be provided.

Brief Description of the Drawings

[0018]

Fig. 1 shows a block diagram of ultrasonic diagnostic
apparatus 1 related to a first embodiment.
Fig. 2 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1.
Fig. 3 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in setting of a focus
position.
Fig. 4 shows image display of image display unit 2
in setting of a focus position.
Fig. 5 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in setting of a region of
interest.
Fig. 6 shows image display of image display unit 2
in setting a region of interest.
Fig. 7 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in setting of a Doppler
sample point.
Fig. 8 shows image display of image display unit 2
in setting of a Doppler sample point.
Fig. 9 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in forward and back-
ward invention of a Doppler image display.
Fig. 10 shows image display of image display unit 2
in forward and backward invention of Doppler image
display.
Fig. 11 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in setting of the size of
a region of interest.
Fig. 12 shows image display of image display unit 2
in setting of the size of a region of interest.
Fig. 13 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in enlargement of an
image.
Fig. 14 shows image display of image display unit 2
in enlargement of an image.
Fig. 15 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 1 in parameter setting.
Fig. 16 shows image display of image display unit 2
in parameter setting.
Fig 17 shows image display of image display unit 2
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in ID setting.
Fig. 18 is a block diagram of ultrasonic diagnostic
apparatus 180 related to a second embodiment.
Fig. 19 is a flowchart showing the operation of ultra-
sonic diagnostic apparatus 180.
Fig. 20 shows image display of operation monitor
181 and observation monitor 182 in setting of a re-
gion of interest.
Fig. 21 shows image display of operation monitor
181 and observation monitor 182 in rotation and
movement of a probe mark.
Fig. 22 shows guide display of touching operation in
operation monitor 181.
Fig. 23 shows display of a touch position.
Fig. 24 is an external view of ultrasonic diagnostic
apparatus 240.
Fig. 25 is an external view of ultrasonic diagnostic
apparatus 250.

Description of Reference Numerals

[0019] 1: ultrasonic diagnostic apparatus (the first em-
bodiment), 2: image display unit, 3: touch panel, 4: con-
troller, 5: touch position detection unit, 6: touch state de-
tection unit, 7: processing state detection unit, 8: opera-
tion image creation unit, 9: processing determination unit,
10: processing execution unit, 11: storage unit, 12: set-
ting information, 13: object, 14: ultrasonic probe, 15: ul-
trasonic transmission/reception unit, 16: image process-
ing unit, 46, 61, 81: ultrasonic image (B-mode image),
42, 45: focus mark, 43, 63, 83: diagnostic target region,
62, 65: region of interest, 82, 85: Doppler sample point,
86, 101, 106: Doppler image, 121, 126, 141: region of
interest frame, 123, 125: operation image for changing
the size of a region of interest, 161: parameter display
region, 171: ID display region, 180: ultrasonic diagnostic
apparatus (the second embodiment), 181: operation
monitor, 182: observation monitor, 183: touch panel, 203,
206: operation image for changing the size of a region
of interest, 212, 215: body mark, 213, 216: probe mark,
221-226: guide, 234: touch position mark, 240, 250: ul-
trasonic diagnostic apparatus, 242, 252: operation mon-
itor, 243, 253: touch panel, 245, 255: display unit, 246,
256: operation unit, 257: cable

Best Mode for Carrying Out the Invention

[0020] The preferred embodiments of the ultrasonic di-
agnostic apparatus related to the present invention will
be described in detail referring to the attached drawings.
In the explanation and the attached drawings below, the
components having the same functional configuration
will be appended with the same reference numerals and
the repeated explanation thereof will be omitted.

<First Embodiment>

(1. Configuration of ultrasonic diagnostic apparatus 1)

[0021] First, configuration of ultrasonic diagnostic ap-
paratus 1 related to the first embodiment will be described
referring to Fig. 1.
[0022] Fig. 1 is a block diagram of ultrasonic diagnostic
apparatus 1 related to the first embodiment.
Ultrasonic diagnostic apparatus 1 comprises ultrasonic
probe 14 in which a plurality of transducers for transmit-
ting/ receiving ultrasonic waves to/from object 13 is in-
corporated, ultrasonic transmission/reception unit 15 for
transmitting ultrasonic waves by driving ultrasonic probe
14 and processing the received reflected signals, image
processing unit 16 for reconstructing the reflected echo
signals into ultrasonic images, image display unit 2 for
displaying an operation image for supporting operation
such as a focus mark or a region of interest frame along
with an ultrasonic image, touch panel 3 provided on the
anterior surface of image display unit 2, and controller 4
for executing operation control of the respective compo-
nents.
[0023] Controller 4 comprises touch position detection
unit 5, touch state detection unit 6, processing state de-
tection unit 7, operation image creation unit 8, processing
determin- ation unit 9 and processing execution unit 10.
Touch position detection unit 5 is for detecting the touch
position on touch panel 3. Touch state detection unit 6
is for detecting the touch state on touch panel 3. Touch
state is, for example, single touch, double touch, and
slide touch. Single touch is the operation of touching on
touch panel 3 one time, which is equivalent to the clicking
operation by a mouse. Double touch is the operation of
touching on touch panel 3 twice in succession, which is
equivalent to the double clicking operation by a mouse.
Slide touch is the operation to slide while touching on
touch panel 3, which is equivalent to the dragging oper-
ation by a mouse.
[0024] Processing state detection unit 7 is for detecting
the processing state of the present ultrasonic diagnostic
apparatus 1. Processing state is, for example, "B-mode
real time", "CFM mode" and "Doppler mode real time".
[0025] Operation image creation unit 8 is for creating
an operation image for operation support to be displayed
on image display unit 2 along with an ultrasonic image.
Processing determination unit 9 is for determining the
processing content to be executed by ultrasonic diagnos-
tic apparatus 1 based on the detected touch position,
touch state or processing state. Processing execution
unit 10 is for executing the determined processing con-
tent. The processing to be executed may be, for example,
setting of a focus position, setting of a region of interest,
setting of a Doppler sample point, forward and backward
inversion of Doppler image display, size setting of a re-
gion of interest, enlargement and reduction of an image,
setting of attribution of an object, and setting of param-
eters.
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[0026] Operation image creation unit 8 and processing
determination unit 9 are for determining respectively the
operation image or the processing to be executed using
setting information 12 maintained in storage unit 11.

(2. Operation of ultrasonic diagnostic apparatus 1)

[0027] Next, the operation of ultrasonic diagnostic ap-
paratus 1 will be described referring to Fig. 2.
Fig. 2 is a flowchart showing the operation of ultrasonic
diagnostic apparatus 1.
Touch position detection unit 5 detects the touch position
on touch panel 3 (S21). Touch state detection unit 6 de-
tects the touch state on touch panel 3 (S22). Processing
state detection unit 7 detects the current processing state
(S23).
[0028] Operation image creation unit 8 creates an op-
eration image using the detected touch position, touch
state and processing state or setting information 12 main-
tained in storage unit 11, and displays the created image
on image display unit 2 (S24). Processing determination
unit 9 determines the processing content to be executed
using the detected touch position, touch state and
processing state or setting information 12 maintained in
storage unit 11, and processing execution unit 10 exe-
cutes the determined processing (S25).

(3. Detailed operation and image display of ultrasonic 
diagnostic apparatus 1)

[0029] Next, detailed operation and image display of
ultrasonic diagnostic apparatus 1 will be described.

(3-1. Setting of a focus position)

[0030] Fig. 3 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in setting of a focus
position. The flowchart in Fig. 3 is equivalent to the
processing of S24 and S26 in Fig. 2.
[0031] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the current processing state is "B-mode
real time", touch position is "on an ultrasonic image (B-
mode image) and touch state is "single touch" ("YES" in
S31, "YES" in S32 and "YES" in S33), calculates the
depth of the ultrasonic image at the detected touch po-
sition (S34). Controller 4 obtains the settable focus po-
sition from setting information 12 maintained in storage
unit 11 (S35). Controller 4 changes and sets the focus
position to the calculated depth on the ultrasonic image
(S36). Controller 4 changes the position of a focus mark,
and displays it on image display unit 2 (S37).
[0032] Fig. 4 shows image display of image display
unit 2 in setting of a focus position. As shown in screen
G401, the focus position is set at the position of focus
mark 42 with respect to ultrasonic image 41 (B-mode
image). When an operator single-touches the position of
diagnostic region 43 via touch panel 3 using fingertip 44
as shown in screen G402, the focus position moves to

the position corresponding to the position of diagnostic
region 43, and focus mark 45 is displayed as shown in
screen G403.
[0033] In this manner, in the case that the processing
state is "B-mode real time", by directly touching the di-
agnostic region on the ultrasonic image via the touch
panel, the focus position can be changed to the touch
position. Also, since the focus position is set at the most
suited position for a touch position, there is no need to
determine the most suited position by executing the focus
position setting operation for a plurality of times.

(3-2. Setting of a region of interest)

[0034] Fig. 5 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in setting of a region
of interest. The flowchart in Fig. 5 is equivalent to the
processing of S24 and S25 in Fig. 2.
[0035] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the current processing state is "CFM
(color flow mapping) mode", touch position is "on an ul-
trasonic image" and the touch state is "single touch"
("YES" in S51, "YES" in S52 and "YES" in S53), the region
of interest is moved to the detected touch position (S54).
[0036] Fig. 6 shows image display of image display
unit 2 in setting of a region of interest.
As shown in screen G601, region of interest frame 62 is
displayed with respect to ultrasonic image 61. When the
operator single-touches the position of diagnostic region
63 via touch panel 3 using fingertip 64 as shown in screen
G602, region of interest frame 65 moves to the position
corresponding to the position of diagnostic region 63 as
shown in screen G603.
[0037] In this manner, in the case that the processing
state is "CFM mode", by directly touching the diagnostic
region on an ultrasonic image via the touch panel, the
region of interest can be moved to the touch position.

(3-3. Setting of a Doppler sample point)

[0038] Fig. 7 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in setting of a Doppler
sample point. The flowchart in Fig. 7 is equivalent to the
processing of S24 and S25 in Fig. 2.
[0039] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the current processing state is "Doppler
mode real time", the touch position is "on an ultrasonic
image (B-mode image)" and the touch state is "single
touch" ("YES" in S71, "YES" in S72 and "YES" in S73),
the Doppler sample point is moved to the detected touch
position (S74).
[0040] Fig. 8 shows image display of image display
unit 2 in setting of a Doppler sample point.
[0041] As shown in screen G801, Doppler sample
point 82 is displayed with respect to ultrasonic image 81.
Further, Doppler image 85 in Doppler sample point 82 is
displayed. When the operator single-touches the position
of diagnostic region 83 via touch panel 3 using fingertip
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84 as shown in screen G803, Doppler sample point 85
is moved to the position corresponding to the position of
diagnostic region 83 as shown in screen G803. Further,
Doppler image 86 in Doppler sample point 85 is dis-
played.
[0042] In this manner, in the case that the processing
state is "Doppler mode real time", the Doppler sample
point can be set to the touch position by directly touching
the diagnostic region on an ultrasonic image (B-mode
image) via the touch panel, the Doppler sample point can
be set at the touch position.

(3-4. Forward and backward inversion of Doppler image 
display)

[0043] Fig. 9 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in forward and back-
ward invention of Doppler image display. The flowchart
in Fig. 9 is equivalent to the processing of S24 and S25
in Fig. 2.
[0044] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the current processing state is "Doppler
mode real time", the touch position is "on a Doppler im-
age" and the touch state is "single touch" ("YES" in S91,
"YES" in S92 and "YES" in S93), executes forward and
backward invertion of Doppler image display (S94).
[0045] Fig. 10 shows image display of image display
unit 2 in forward and backward inversion of Doppler im-
age display.
[0046] As shown in screen G1001, Doppler image 101
is displayed. As shown in screen G1002, when the op-
erator single-touches on Doppler image 101 via touch
panel 3 using fingertip 104, forward and backward inver-
sion of Doppler image display is executed and Doppler
image 106 is displayed.
[0047] In this manner, in the case that the processing
state is "Doppler mode real time", by touching on the
Doppler image via the touch panel, forward and back-
ward inversion of Doppler image display can be execut-
ed.

(3-5. Setting of the size of a region of interest)

[0048] Fig. 11 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in setting of a region
of interest. The flowchart in Fig. 11 is equivalent to the
processing of S24 and S25 in Fig. 2.
[0049] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the current processing state is "CFM
(color flow mapping) mode", the touch position is "on a
region of interest frame" and the touch state is "single
touch" ("YES" in S111, "YES" in S112 and "YES" in
S113), the processing state is transit to "region of interest
size changing mode" (S114). Controller 4 creates an op-
eration image for changing the region of interest size,
and displays the created image on image display unit 2
(S115).
[0050] Controller 4 of ultrasonic diagnostic apparatus

1, in the case that the touch position is on an operation
image for changing the region of interest size and the
touch state is "slide touch" ("YES" in S116 and "YES" in
S117), changes the size of the region of interest frame
(S118).
[0051] Fig. 12 shows image display of image display
unit 2 in setting the size of a region of interest.
[0052] As shown in screen G1201, region of interest
frame 121 is displayed. As shown in screen G1202, when
the operator single-touches on region of interest frame
121 via touch panel 3 using fingertip 122, operation image
123 for changing the size of a region of interest is dis-
played as shown in screen G1202. Operation image 123
for changing the size of a region of interest is, for example,
a slide-touch point (equivalent to the drag point by a
mouse). When the operator slide-touches operation im-
age 123 for changing the size of a region of interest via
touch panel 3 using fingertip 124, the size of region of
interest frame 126 is changed and set to the position of
operation image 125 for changing the size of the region
of interest, as shown in screen G1203.
[0053] In the case that display region 128 other than
ultrasonic image 127 is touched in screen G1202, the
screen returns to screen G1201.
[0054] In this manner, in the case that the processing
state is "CFM mode", by touching a region of interest
frame via the touch panel, setting of a region of interest
size can be executed when "region of interest size chang-
ing mode" is set as the processing condition.

(3-6. Enlargement of an image)

[0055] Fig. 13 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in enlargement of an
image. The flowchart in Fig. 13 is equivalent to the
processing of S24 and S25 in Fig. 2.
[0056] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the current processing state is "CFM
(color flow mapping) mode", the touch position is within
the region of interest frame and the touch state is "double
touch" ("YES" in S131, "YES" in S132 and "YES" in
S133), enlarges the CFM image of the region of interest
and displays the enlarged image on image display unit
2 (S134).
[0057] Fig. 14 shows image display of image display
unit 2 in enlargement of an image.
[0058] Region of interest frame 141 is displayed as
shown in screen G1401. As shown in screen G1402,
when the operator single-touches within region of interest
region frame 141 via touch panel 3 using fingertip 142,
CFM image 143 in region of interest frame 141 is en-
larged and displayed as shown in screen G1402.
[0059] When display region 144 other than CFM image
143 is touched in screen G1402, enlargement display is
cancelled and returns to screen G1401.
[0060] In this manner, in the case that the processing
state is "CFM mode", by touching within the region of
interest frame via the touch panel, a CFM image can be
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enlarged and displayed.

(3-7. Setting of parameter and ID)

[0061] Fig. 15 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 1 in setting parameter.
The flowchart in Fig. 15 is equivalent to the processing
of S24 and S25 in Fig. 2.
[0062] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the touch position is within the param-
eter display region and the touch state is "single touch"
("YES" in S151 and "single touch" in S152), displays the
selection items or input menu of the parameter (S153).
[0063] Controller 4 of ultrasonic diagnostic apparatus
1, in the case that the touch position is within the param-
eter display region and the touch state is "double touch"
("YES in S151 and "double touch" in S152), displays the
input column of the parameter (S154).
[0064] Controller 4 of ultrasonic diagnostic apparatus
1 sets the parameter selected or inputted in the process
of S153 or S154 (S155).
[0065] Fig. 16 shows image display of image display
unit 2 in setting of parameter.
[0066] When the operator single-touches parameter
display region 161 using fingertip 162 as shown in screen
1601, buttons 163 ("K""K") for changing parameter val-
ues are displayed as shown in screen G1602.
[0067] As shown in screen G1603, when the operator
single-touches buttons 163 for changing parameter val-
ues using fingertip 164, parameter value 165 is changed
each time. In screen G1603, when a predetermined time
(for example, a several seconds) passes without opera-
tion, buttons 163 for changing parameter values disap-
pear and parameter value 167 is set as shown in screen
1605.
[0068] In screen 1601, when the operator double-
touches parameter display region 161 using fingertip
162, field 166 for inputting parameter values is displayed
as shown in screen G1604. When a parameter value is
inputted in field 166 for inputting parameter values, pa-
rameter value 167 is set as shown in screen 1605.
[0069] Fig. 17 shows image display of image display
unit 2 in setting ID.
[0070] In screen G1701, when the operator single-
touches ID display region 171 using fingertip 172, ID
menu 173 is displayed as shown in screen G1702. By
operating ID menu 173, ID or attribute of object 13 are set.
[0071] In screen G1701, when the operator double-
touches ID display region 171 using fingertip 172, ID input
field 174 is displayed as shown in screen G1703. The ID
is set based on the content inputted to ID input field 174.
[0072] In this manner, setting of parameter or ID can
be executed by touching the display region of parameter
or ID via the touch panel.

(4. Effect of the first embodiment)

[0073] As described above in detail, the ultrasonic di-

agnostic apparatus of the first embodiment switches the
processing content or images for supporting operation in
accordance with the current processing state, touch po-
sition or touch state which saves the operation of the key
or button for exclusive use, thus is capable of improving
operability or diagnosis efficiency.

<Second Embodiment>

(Configuration of ultrasonic diagnostic apparatus 180)

[0074] First, the configuration of ultrasonic diagnostic
apparatus 180 related to the second embodiment will be
described referring to Fig. 18.
[0075] Fig. 18 is a block diagram of ultrasonic diagnos-
tic apparatus 180 elated to the second embodiment.
[0076] Ultrasonic diagnostic apparatus 180 comprises
operation monitor 181 and observation monitor 182 for
displaying an operation image for supporting operation
such as a focus mark or a region of interest frame along
with an ultrasonic image.
[0077] While touch panel 3 of ultrasonic diagnostic ap-
paratus 1 in Fig. 1 is provided on image display unit 2,
ultrasonic diagnostic apparatus 180 in Fig. 18 comprises
operation monitor 181 separate from observation monitor
182, and touch panel 183 is provided on this operation
monitor 181. Controller 4, storage unit 11, setting infor-
mation 12, image processing unit 16, ultrasonic trans-
mission/reception unit 15, and ultrasonic probe 14 in Fig.
18 are the same as in Fig. 1.
[0078] The touch panel may be provided not only on
operation monitor 181 but also on observation monitor
182. Also, use/disuse of the touch panel may be set as
switchable. Also, controller 4, when executing the same
display on operation monitor 181 and observation mon-
itor 182, creates one set of image information and outputs
it to operation monitor 181 and observation monitor 182.
Also, controller 4, when executing different displays on
operation monitor 181 and observation monitor 182, cre-
ates two sets of image information and outputs them to
operation monitor 181 and observation monitor 182 re-
spectively.

(6. Operation of ultrasonic diagnostic apparatus 180)

[0079] Next, operation of ultrasonic diagnostic appa-
ratus 180 will be described referring to Fig. 19.
[0080] Fig. 19 is a flowchart showing the operation of
ultrasonic diagnostic apparatus 180.
[0081] Touch position detection unit 5 detects the
touch position on touch panel 183 (S191). Touch state
detection unit 6 detects the touch state on touch panel 3
(S192). Processing detection unit 7 detects the current
processing state (S193).
[0082] Operation image creation unit 8 creates an op-
eration image using the detected touch position, touch
state and processing state or setting information 12 main-
tained in storage unit 11 and displays the created image
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on operation monitor 181 and observation monitor 182
(S194). Processing determination unit 9 determines the
processing to be executed using the detected touch po-
sition, touch state and processing state or setting infor-
mation 12 maintained in storage unit 11, and processing
execution unit 10 executes the determined processing
(S195).

(7. Image display of ultrasonic diagnostic apparatus 180)

[0083] Next, image display in ultrasonic diagnostic ap-
paratus 180 will be described referring to Fig. 20 ∼Fig. 23.

(7-1. Setting of a region of interest)

[0084] Fig. 20 shows image display of operation mon-
itor 181 and observation monitor 182 in setting of a region
of interest.
[0085] On screen G2001 of operation monitor 181, ul-
trasonic image 201, region of interest frame 202 and op-
eration image 203 for changing the size of the region of
interest are displayed.
[0086] On screen G2002 of observation monitor 182,
ultrasonic image 204, region of interest frame 205 and
operation image 206 for changing the size of a region of
interest are displayed.
[0087] On operation image 203 of operation monitor
181 and operation image 206 of observation monitor 182
have different formats. Also, the image to be used for the
actual touching operation related to changing size of a
region of interest is operation image 203 which is provid-
ed on operation monitor 181. Operation image 206 of
observation monitor 182 is confined to display the screen
indicating that the ongoing mode is for changing the size
of a region of interest.
[0088] As for the format of operation image 203 of op-
eration monitor 181, it is desirable to place importance
on operability. For example, it is desirable to make the
size of operation image 203 of operation monitor 181
larger than operation image 206 of observation monitor
182, or to configure operation image 203 easy to operate
by fingertip-touching. On the other hand, it is desirable
to place importance on visibility of ultrasonic image 204
regarding the format of operation image 206 of observa-
tion monitor 182. For example, it is desirable to make the
size of operation image 206 on observation monitor 182
smaller than operation image 203 on operation monitor
181 to secure the space for display region for ultrasonic
image 206.
[0089] In this manner, by confining the display on the
observation monitor to indicating that the mode is for
changing size of the region of interest and by displaying
an operation image for changing the size of the region
of interest on the operation monitor, it is possible to im-
prove operability related to changing the size of a region
of interest without influencing the image observation on
the observation monitor.

(7-2. Rotation and movement of a probe mark)

[0090] Fig. 21 shows image display of operation mon-
itor 181 and observation monitor 182 in rotation and
movement of a probe mark.
[0091] On screen of G2101 of operation monitor 181,
ultrasonic image 211, body mark 212 and probe mark
213 are displayed. On screen G2102 of observation mon-
itor 182, ultrasonic image 214, body mark 215 and probe
mark 216 are displayed.
[0092] When the operator touches body mark 212 via
touch panel 183, body mark 212 and probe mark 213 on
operation monitor 181 are enlarged and displayed. On
the other hand, the display of body mark 215 and probe
mark 216 of observation monitor 182 remains the same.
[0093] Also, the moving operation by slice touching
can be made easier by displaying probe mark 213 of
operation monitor 181 with a thicker mark than probe
mark 216 of observation monitor 182. Also, rotation op-
eration by sliding touch can be made easier by making
apical end 217 of probe mark 213 on operation monitor
181 larger line map (for example, a circle) compared to
apical end 218 of probe mark 216 in observation monitor
182. Further, the message can be clearly demonstrated
that the rotation operation by slide-touch can be execut-
ed, by adding line map 219.
[0094] In operation monitor 181, body mark 212 and
probe mark 213 return back to the normal display by
touching the region other than body mark 212.
[0095] In this manner, by making display of the body
mark and the probe mark simple on the observation mon-
itor and displaying the body mark and the probe mark in
detail on the operation monitor, operability in moving or
rotating the probe mark can be improved without influ-
encing the image observation of the observation monitor.

(7-3. Guide display of touching operation)

[0096] Fig. 22 shows guide display of touching opera-
tion on operation monitor 181.
[0097] On operation monitor 181, guide 221 ∼ guide
226 are displayed. Guide 221 ∼ guide 226 indicate the
processing content for each kind of touch state.
[0098] As shown in Fig. 22, when the processing state
is "Doppler mode real time", guide 221 ∼ guide 223 are
displayed on the ultrasonic image 227 (B-mode image)
side, and guide 224 ∼ guide 226 are displayed on Doppler
image 228 side.
[0099] Guide 221 indicates the processing content up-
on single touch operation by a single circle, in concrete
terms the movement of a Doppler sample point. Guide
222 indicates the processing content upon double-touch
operation by a double circle, in concrete terms the zoom-
ing of a region of interest. Guide 223 indicates the
processing content upon slide-touch operation by a color-
ed circle such as in gray, in concrete terms that CFM/ROI
(a region of interest of color flow mapping) is set in a
slide-touched region.
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[0100] Guide 224 indicates the processing content up-
on single-touch operation by a single circle, in concrete
terms forward and backward inversion display of a Dop-
pler image. Guide 225 indicates the processing content
upon double-touch operation by a double circle, in con-
crete terms the change of repetition frequency (PRF).
Guide 226 indicates the processing content upon slide-
touch operation by a colored circle such as in gray, in
concrete terms the shift of current velocity zero-level po-
sition.
[0101] While the function names are displayed on
guide 221 ∼ guide 226 in Fig. 22, the marks that represent
the functions may also be displayed.
[0102] In this manner, while the processing contents
are different depending on the touch position, touch state
or processing state in touching operation on touch panel
183 of operation monitor 181, it is possible to anticipate
the respective processing contents in advance by using
display guides. The operator does not have to memorize
the processing contents for the respective touch position,
touch state or processing state.

(7-4. Display of a touch position)

[0103] Fig. 23 shows display of a touch position.
[0104] As shown in screen G2301, the operator touch-
es ultrasonic image 231 using fingertip 232 on operation
monitor 181 comprising touch panel 183. At the same
time, as shown in screen G2302, on ultrasonic image
233 of observation monitor 182, touch position mark 234
is displayed at the position corresponding to the touch
position of operation monitor 181.
[0105] In this manner, the touch position in operation
monitor 181 can be confirmed even when the operator’s
eyes are fixed on observation monitor 182.

(8. Concrete example of ultrasonic diagnostic apparatus 
180)

[0106] Next, the case for using a portable device such
as a notebook computer for ultrasonic diagnostic appa-
ratus 180 will be described.

(8-1. Setting an operation monitor in an operation unit)

[0107] Fig. 24 is an external view of ultrasonic diag-
nostic apparatus 240.
[0108] Ultrasonic diagnostic apparatus 240 is config-
ured having a notebook personal computer formed by
display unit 245 such as a liquid crystal display and op-
eration unit 246 such as a keyboard, being provided with
a pointing device such as ultrasonic probe 244. Operation
monitor 242 is provided in operation unit 246. On the
surface of operation monitor 242, touch panel 243 is pro-
vided.
[0109] Operation monitor 242, touch panel 243 and
display unit 245 in Fig. 24 are equivalent to operation
monitor 181, touch panel 183 and observation monitor

182 in Fig. 18.
[0110] In this manner, ultrasonic diagnostic apparatus
240 is easy to carry and can be used regardless of the
location. Also, the smudge of display unit 245 due to
touching operation can be prevented by providing oper-
ation monitor 242 comprising touch panel 243.

(8-2. Setting an operation monitor other than an operation 
unit and a display unit)

[0111] Fig. 25 is an external view of ultrasonic diag-
nostic apparatus 250.
[0112] Ultrasonic diagnostic apparatus 250 is config-
ured having a notebook personal computer formed by
display unit 255 such as a liquid crystal display and op-
eration unit 256 such as a keyboard, being provided with
a pointing device such as ultrasonic probe 254. Touch
panel 253 is provided on the surface of operation monitor
252. Operation monitor 252 is provided individually from
display unit 255 and operation unit 256. Operation unit
252 is, for example, connected to the main body by cable
257.
[0113] Operation monitor 252, touch panel 253 and
display unit 255 in Fig. 25 are equivalent to operation
monitor 181, touch panel 183 and observation monitor
182 in Fig. 18.
[0114] In this manner, by making operation monitor
252 capable of executing external connection, it is pos-
sible to use a multipurpose device such as a notebook
personal computer without modification.

(9. Effect of the second embodiment)

[0115] As described above, since touch-panel opera-
tion can be executed on the operation monitor without
influencing the image observation on the observation
monitor by providing the operation monitor comprising a
touch panel separate from the observation monitor, it is
possible to improve operability and diagnosis efficiency.
Also, since the touch panel does not need to be attached
to the observation monitor, there is no need to worry
about the deterioration of image quality or display per-
formance of the touch panel itself or the influence by
smudge due to grease, etc. which adheres on the touch
panel.
[0116] The observation monitor is disposed at the size,
position and angle which are suitable for the image ob-
servation. The touch panel does not have to be provided
on the observation monitor. The operation monitor com-
prising the touch panel is disposed at the size, position
and angle which are suitable for the operation.

(10. Other matters)

[0117] While preferred embodiments of the ultrasonic
diagnostic apparatus related to the present invention
have been described above referring to the attached di-
agrams, no limitations are intended to the examples
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therein. It is therefore evident to those skilled in the art
that the particular embodiments disclosed above may be
altered or modified without departing from the scope of
the technical idea disclosed therein and all such varia-
tions are considered within the scope and spirit of the
invention.
[0118] Also, the above-described first embodiment
and second embodiment may be appropriately combined
to configure an ultrasonic diagnostic apparatus.

Claims

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit/re-
ceive an ultrasonic wave to/from an object to be
examined;
an image processing unit configured to con-
struct an ultrasonic image based on the ultra-
sonic reception signals outputted from the ultra-
sonic probe;
an image display unit configured to display the
constructed ultrasonic image; and
a touch panel provided on the anterior surface
of the image display unit,
characterized in further comprising:

a touch position detection unit configured to
detect the touch position on the touch panel;
a touch state detection unit configured to
detect the touch state on the touch panel;
a processing state detection unit configured
to detect the current processing state; and
a processing determination unit configured
to determine and execute the processing to
be executed based on at least one of the
detected touch position, touch state or
processing state.

2. The ultrasonic diagnostic apparatus according to
claim 1, characterized in further comprising an op-
eration image creating unit configured to create an
operation image for supporting the operation on the
touch panel based on at least one of the detected
touch position, touch state or processing state and
to display the created image on the image display
unit.

3. An ultrasonic diagnostic apparatus comprises:

an ultrasonic probe configured to transmit/re-
ceive an ultrasonic wave to/from an object to be
examined;
an image processing unit configured to con-
struct an ultrasonic image based on the ultra-
sonic reception signals outputted from the ultra-
sonic probe; and

a first image display unit configured to display
the constructed ultrasonic image;
characterized in further comprising:

a second image display unit provided sep-
arate from the first image display unit, con-
figured to display the ultrasonic image,
a touch panel to be provided on the anterior
surface of the second image display unit;
a touch position detection unit configured to
detect the touch position on the touch panel;
a touch state detection unit configured to
detect the touch state on the touch panel;
a processing state detection unit configured
to detect the current processing state; and
a processing determination unit configured
to determine and execute the processing to
be executed based on at least one of the
detected touch position, touch state or
processing state.

4. The ultrasonic diagnostic apparatus according to
claim 3, characterized in further comprising an op-
eration image creating unit configured to create an
operation image for supporting the operation on the
touch panel based on at least one of the detected
touch position, touch state or processing state, and
displays the created image on the first image display
unit and/or the second image display unit.

5. The ultrasonic diagnostic apparatus according to
claim 4, characterized in that the operation image
displayed on the second image display unit is differ-
ent from the operation image displayed on the first
image display unit.

6. The ultrasonic diagnostic apparatus according to
claim 3 ∼ 5, characterized in that the position cor-
responding to the touch position on the touch panel
is made identifiable on the first image display unit.

7. The ultrasonic diagnostic apparatus according to
claim 3 ∼ 6, wherein the second image display unit
comprising the touch panel is disposed in the vicinity
of the operation unit of an ultrasonic diagnostic ap-
paratus.

8. The ultrasonic diagnostic apparatus according to
claim 3 ∼ 6, characterized in that the second display
unit comprising the touch panel is detachable or con-
nectable by a connection wire to the main body of
an ultrasonic apparatus.

9. The ultrasonic diagnostic apparatus according to
claim 1 ∼ 8, characterized in that the processing to
be determined by the processing determination unit
includes at least one of the setting of a focusing po-
sition, setting of a region of interest, setting of a Dop-
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pler sample point, forward and backward inversion
of Doppler image display, size setting of a region of
interest, enlargement and reduction of an image, set-
ting of attribution of the object and setting of param-
eter.

10. The ultrasonic diagnostic apparatus according to
claim 1 ∼ 9, characterized in that a guide for indi-
cating the correspondence between the touch posi-
tion and the processing to be executed is displayed
on the image display unit comprising the touch panel.

11. The ultrasonic diagnostic apparatus according to
claim 1 ∼ 3, characterized in that the touch position
is the one of the single touch in which the touch panel
is touched one time, the double touch in which the
touch panel is touched twice in succession or the
slide touch in which a fingertip slides while touching
the touch panel.

12. The ultrasonic diagnostic apparatus according to
claim 11, wherein the processing determination unit
determines different processing to be executed be-
tween the single touch, the double touch and the
slide touch.
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