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ULTRASOUND OBSERVATION DEVICE,
PROCESSING DEVICE, METHOD OF
OPERATING ULTRASOUND OBSERVATION
DEVICE, AND COMPUTER READABLE
RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2016/081348 filed on Oct.
21, 2016 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Applications No. 2015-246697, filed
on Dec. 17, 2015, incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to an ultrasound
observation device that observes an observation target by
using ultrasonic waves, a processing device, a method of
operating the ultrasound observation device, and a computer
readable recording medium.

[0003] Ultrasonic waves are sometimes used to observe
the characteristics of a living tissue or material that is an
observation target. Specifically, ultrasonic waves are trans-
mitted to the observation target and predetermined signal
processing is performed on ultrasound echoes reflected by
the observation target so that the information related to the
characteristics of the observation target is acquired.

[0004] Ultrasound diagnostic devices with an ultrasound
transducer provided in the distal end of an insertion unit are
used for diagnosis of living tissues, or the like, inside a body
to which ultrasonic waves are applied. In ultrasound diag-
nostic devices, an ultrasound transducer acquires ultrasound
echoes, and a monitor displays acquired ultrasound images
in chronological order.

[0005] An operator such as a doctor inserts an insertion
unit into the inside of a body and then operates an operating
unit at hand while conducting diagnosis on the basis of
information (ultrasound image) based on ultrasound echoes.
Here, the operator diagnoses ultrasound images by making
command input for a process to set an observation area, a
measurement process, or the like. For example, on an
ultrasound image, command inputs are made for two mea-
surement points for measuring a distance, and the distance
between the measurement points is measured. As a diagnosis
system for conducting diagnosis as described above, a
technology for directly making command input to ultra-
sound images by using a touch panel is disclosed (for
example, see Japanese Laid-open Patent Publication No.
2012-19824). According to Japanese Laid-open Patent Pub-
lication No. 2012-19824, a process is performed to display
an image including a touch button indicating the position
that corresponds to a touch position of a finger of the
operator and a caliper that is adjacent to the touch button and
that indicates a command position on the image. Thus, it is
possible to perform operation such as adjustment on a
command position while the visibility of a command posi-
tion (caliper) is retained without hiding the command posi-
tion with the finger of the operator.

SUMMARY

[0006] A processing device according to one aspect of the
present disclosure includes a controller including hardware,
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wherein the controller is configured to execute: generating
an ultrasound image based on an ultrasound signal acquired
by an ultrasound probe, the ultrasound probe being config-
ured to transmit an ultrasonic wave to a subject that is an
observation target and receive an ultrasonic wave reflected
by the subject; generating shift information including a shift
direction of a display area of the ultrasound image displayed
on a display unit in accordance with a command position
with respect to the ultrasound image; shifting the ultrasound
image in accordance with the shift information; and gener-
ating a character image indicating an area targeted for a
process performed on the ultrasound image in relation to the
command position in the ultrasound image after being
shifted.

[0007] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram that illustrates a con-
figuration of an ultrasound diagnosis system according to a
first embodiment;

[0009] FIG. 2 is a flowchart that illustrates a measurement
process performed by the ultrasound diagnosis system
according to the first embodiment;

[0010] FIG. 3 is a flowchart that illustrates a measure-
ment-point confirmation process performed by the ultra-
sound diagnosis system according to the first embodiment;
[0011] FIG. 4 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0012] FIG. 5 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0013] FIG. 6 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0014] FIG. 7 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0015] FIG. 8 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0016] FIG. 9 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0017] FIG. 10 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0018] FIG. 11 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment;

[0019] FIG. 12 is a diagram that illustrates a measure-
ment-point confirmation process according to a modification
1 of the first embodiment;

[0020] FIG. 13 is a diagram that illustrates a measure-
ment-point confirmation process according to a modification
2 of the first embodiment;

[0021] FIG. 14 is a diagram that illustrates the measure-
ment-point confirmation process according to the modifica-
tion 2 of the first embodiment;
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[0022] FIG. 15 is a diagram that illustrates a measure-
ment-point confirmation process according to a modification
3 of the first embodiment;

[0023] FIG. 16 is a block diagram that illustrates the
configuration of an ultrasound diagnosis system according to
a second embodiment;

[0024] FIG. 17 is a diagram that illustrates a character-
image display process according to the second embodiment;
[0025] FIG. 18 is a block diagram that illustrates the
configuration of an ultrasound diagnosis system according to
a third embodiment;

[0026] FIG. 19 is a diagram that illustrates a measure-
ment-point confirmation process according to a third
embodiment; and

[0027] FIG. 20 is a diagram that illustrates the measure-
ment-point confirmation process according to the third
embodiment.

DETAILED DESCRIPTION

[0028] With reference to attached drawings, an explana-
tion is given below of an aspect (hereinafter, referred to as
“embodiment”) for implementing the present disclosure. In
the following explanation, an ultrasound diagnosis system
and an ultrasound endoscope system including a medical
diagnostic apparatus that generates ultrasound images based
on ultrasound echoes are described; however, the embodi-
ment is not a limitation on the present disclosure. Further-
more, the same components are attached with the same
reference numeral in explanation.

First Embodiment

[0029] FIG. 1 is a block diagram that illustrates a con-
figuration of an ultrasound diagnosis system according to a
first embodiment. An ultrasound diagnosis system 1 illus-
trated in FIG. 1 is a device that observes an observation
target by using ultrasonic waves and that includes a pro-
cessing device according to the present disclosure.

[0030] The ultrasound diagnosis system 1 includes an
ultrasound probe 2 that receives ultrasound echoes reflected
after ultrasonic waves are output; a processing device 3 that
generates images based on ultrasound echoes acquired by
the ultrasound probe 2; an operating device 4 that is capable
of simultaneously receiving multiple pieces of input com-
mand information and outputs the received information to
the processing device 3 to operate the processing device 3;
and a display device 5 that displays various types of infor-
mation including images generated based on ultrasound
echoes by the processing device 3. The display device 5 is
implemented by using a display panel such as a liquid crystal
or organic electro luminescence (EL). According to the
present embodiment, the processing device 3 and an oper-
ating device 4 constitute an ultrasound observation device
10.

[0031] An ultrasound transducer 21 that outputs ultra-
sound pulses to the observation target and receives ultra-
sound echoes reflected by the observation target is provided
at the distal end of the ultrasound probe 2.

[0032] Here, if the observation target is a living tissue, the
ultrasound transducer 21 may have any of the configurations
as an extracorporeal probe that emits ultrasonic waves from
the body surface of a living body, as a miniature ultrasound
probe including an insertion unit with a long axis that is
inserted into a lumen such as digestive tract, biliopancreatic
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duct, or blood vessel, and as an ultrasound endoscope further
including an optical system in an intraluminal ultrasound
probe. Among them, when the configuration of an ultra-
sound endoscope is used, the ultrasound transducer 21 is
provided at the distal end side of the insertion unit of the
intraluminal ultrasound probe, and the intraluminal ultra-
sound probe is removably connected to the processing
device 3 at the proximal end side.

[0033] The ultrasound transducer 21 converts electrical
pulse signals received from the processing device 3 into
ultrasound pulses (sound pulse signals) and converts ultra-
sound echoes reflected by an external specimen into elec-
trical echo signals. With regard to the ultrasound transducer
21, the ultrasound transducer may conduct scanning
mechanically or a plurality of ultrasound transducers may
conduct scanning electronically. According to the first
embodiment, an explanation is given of a case where a
radial-type ultrasound transducer is used.

[0034] The processing device 3 includes a transmitting/
receiving unit 30, a signal processing unit 31, an ultrasound-
image generating unit 32, a calculating unit 33, a character-
image generating unit 34, an image synthesizing unit 35, a
mode setting unit 36, an input unit 37, a control unit 38, and
a storage unit 39.

[0035] The transmitting/receiving unit 30 transmits and
receives electric signals to and from the ultrasound trans-
ducer 21. The transmitting/receiving unit 30 is electrically
connected to the ultrasound transducer 21 so that it transmits
electric pulse signals to the ultrasound transducer 21 and
receives echo signals that are electric reception signals from
the ultrasound transducer 21. Specifically, the transmitting/
receiving unit 30 generates electric pulse signals on the basis
of a predetermined waveform and transmission timing and
transmits the generated pulse signals to the ultrasound
transducer 21.

[0036] The transmitting/receiving unit 30 amplifies echo
signals. The transmitting/receiving unit 30 conducts sensi-
tivity time control (STC) correction to amplify echo signals
having a larger receiving depth with a higher amplification
factor. After conducting processing such as filtering on
amplified echo signals, the transmitting/receiving unit 30
conducts A/D conversion to generate digital high-frequency
(RF: radio frequency) data in time domain and outputs it.

[0037] The signal processing unit 31 generates digital
B-mode reception data based on RF data received from the
transmitting/receiving unit 30. Specifically, the signal pro-
cessing unit 31 performs known processing such as band-
pass filtering, envelope detection, or logarithmic conversion
on RF data to generate digital B-mode reception data. For
logarithmic conversion, RF data is divided by the reference
voltage, and the common logarithm of a resultant is repre-
sented by a decibel value. The signal processing unit 31
outputs the generated B-mode reception data to the ultra-
sound-image generating unit 32. The signal processing unit
31 is implemented by using various types of arithmetic
circuits such as a central processing unit (CPU).

[0038] The ultrasound-image generating unit 32 generates
ultrasound image data based on B-mode reception data
received from the signal processing unit 31. The ultrasound-
image generating unit 32 performs image processing using
a known technology such as gain processing or contrast
processing on B-mode reception data and decimates data
that corresponds to a data step width defined based on the
display range of an image on the display device 5, or the like,
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thereby generating B-mode image data. B-mode images are
gray-scaled images in which the values of R (red), G (green),
and B (blue), which are variables when the RGB color
system is used as a color space, are identical.

[0039] The ultrasound-image generating unit 32 performs
coordinates conversion on B-mode reception data from the
signal processing unit 31 to rearrange a scan area so as to be
properly represented in space and then performs an inter-
polation process on the B-mode reception data to fill gaps in
the B-mode reception data, thereby generating B-mode
image data. The ultrasound-image generating unit 32 out-
puts the generated B-mode image data to the image synthe-
sizing unit 35.

[0040] After receiving a command input from the operat-
ing device 4, the calculating unit 33 performs a calculation
process in accordance with the command input. Specifically,
the calculating unit 33 conducts position calculation for the
display position of a character image (e.g., a measurement
point) in an ultrasound image in accordance with an opera-
tion that is input when a command position in the ultrasound
image is changed. The calculating unit 33 includes a com-
mand-position coordinates calculating unit 331, a shift-
information calculating unit 332, and a measurement-points
distance calculating unit 333.

[0041] The command-position coordinates calculating
unit 331 calculates the coordinates of a command position
on the B-mode image that is displayed on a display unit 41,
described later, from the contact position on a touch panel
42, described later, based on operating signals.

[0042] The shift-information calculating unit 332 calcu-
lates the amount of shift of a B-mode image on the basis of
a command position (coordinates calculated by the com-
mand-position coordinates calculating unit 331), a distance
that is a distance from the ultrasound transducer 21 and that
is a distance (depth) from the center of an image of the
ultrasound transducer to the position that corresponds to a
command position in the B-mode image, the type of the
ultrasound transducer, and the like, and outputs the calcu-
lated amount of shift and the preset shift direction as shift
information.

[0043] The measurement-points distance calculating unit
333 calculates the distance between two measurement points
in an ultrasound image, confirmed on the basis of a com-
mand position (coordinates calculated by the command-
position coordinates calculating unit 331). Furthermore, the
measurement-points distance calculating unit 333 calculates
the actual distance on the basis of the calculated distance
between measurement points.

[0044] Upon receiving command inputs from the operat-
ing device 4, the character-image generating unit 34 genet-
ates character image data including a character image in
which characters that correspond to the command inputs,
e.g., two measurement points for measuring a distance, are
located based on command input positions (coordinates)
calculated by the calculating unit 33. Character image data
may include information to be related to a B-mode image,
such as a frame number, in addition to the above-described
character image. The character-image generating unit 34
outputs the generated character image data to the image
synthesizing unit 35.

[0045] The image synthesizing unit 35 generates synthesis
image data including a synthesis image that is a synthesis of
a B-mode image and a character image by using image data
(B-mode image data and character image data) generated by
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each of the ultrasound-image generating unit 32 and the
character-image generating unit 34. Synthesis image data
includes information such as a frame number in addition to
the above-described synthesis image.

[0046] Upon receiving a command input from the oper-
ating device 4, the mode setting unit 36 sets an operation
mode that corresponds to the command input. Specifically,
in accordance with a command input, the mode setting umt
36 sets any operation mode, such as a distance measurement
mode, a command input mode, or an enlargement/reduction
mode, as a processing mode for performing processing on a
B-mode image.

[0047] The input unit 37 is implemented by using an input
button for receiving input of various types of information to
turn on/off the power source, or the like.

[0048] The control unit 38 performs overall control on the
ultrasound diagnosis system 1. The control unit 38 is imple-
mented by using a central processing unit (CPU), various
arithmetic circuits, or the like, having calculation and con-
trol functions. The control unit 38 reads, from the storage
unit 39, information stored and saved in the storage unit 39,
and performs various calculation operations related to a
method of operating the ultrasound observation device 10,
thereby performing overall control on the ultrasound obser-
vation device 10. Furthermore, the control unit 38 may be
configured by using a CPU, or the like, that is shared by the
signal processing unit 31.

[0049] The storage unit 39 stores various programs for
operating the ultrasound diagnosis system 1, data including
various parameters needed for operation of the ultrasound
diagnosis system 1, and the like. Furthermore, the storage
unit 39 includes a shift-information storage unit 391 that
stores the amount of shift calculated by the shift-information
calculating unit 332 in relation to a command position
(coordinates calculated by the command-position coordi-
nates calculating unit 331), a distance (depth) from the
ultrasound transducer, the type of ultrasound transducer, and
the like.

[0050] Furthermore, the storage unit 39 stores various
programs including an operation program to implement a
method of operating the ultrasound diagnosis system 1. The
operation program may be widely distributed by being
recorded in a recording medium readable by a computer,
such as hard disk, flash memory, CD-ROM, DVD-ROM, or
flexible disk. Furthermore, the above-described various pro-
grams may be acquired by being downloaded via a com-
munication network. The communication network men-
tioned here is implemented by using, for example, an
existing public network, local area network (LAN), or wide
area network (WAN), and it may be wired or wireless.
[0051] The storage unit 39 having the above-described
configuration is implemented by using a read only memory
(ROM) that has various programs, and the like, previously
installed, a random access memory (RAM) that stores cal-
culation parameters, data, and the like, for each process.
[0052] The operating device 4 includes the display unit 41,
the touch panel 42 (multi-input receiving unit), a display
controller 43, and a control unit 44.

[0053] The display unit 41 is configured by using a display
panel that is made of liquid crystal, organic electro lumi-
nescence (EL), or the like. The display unit 41 displays
ultrasound images that correspond to B-mode image data
and various types of information related to operation, which
are input via for example the control units 38, 44.
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[0054] The touch panel 42 is provided on the display
screen of the display unit 41, and it receives an input that
corresponds to the contact position of an object from out-
side. Specifically, the touch panel 42 detects a touch (con-
tact) position of a user such as operator in accordance with
an operation icon displayed on the display unit 41, and it
outputs the operating signal including the position (coordi-
nates) that corresponds to the detected touch position to the
control unit 44. As the display unit 41 displays ultrasound
images and various types of information, the touch panel 42
functions as a graphical user interface (GUI). The touch
panel has a resistive layer system, a capacitive system, an
optical system, or the like, and a touch panel with any
system is applicable.

[0055] The display controller 43 controls the display unit
41 so as to display synthesis image data generated by the
image synthesizing unit 35 after it is acquired and controls
the display unit 41 so as to display a guide image for input
operation through the touch panel 42 and a display image
that corresponds to an operation mode.

[0056] The control unit 44 performs overall control of the
operating device 4. The control unit 44 is implemented by
using a central processing unit (CPU), various arithmetic
circuits, or the like, having calculation and control functions.
[0057] Next, with reference to the drawings, an explana-
tion is given of a measurement process performed by the
ultrasound observation device 10 in the ultrasound diagnosis
system 1 having the above-described configuration. FIG. 2
is a flowchart that illustrates a measurement process pet-
formed by the ultrasound diagnosis system according to the
first embodiment. Furthermore, an explanation is given
below of a case where each unit operates in a distance
measurement mode for measuring the distance between
designated measurement points under the control of the
control unit 38.

[0058] After the transmitting/receiving unit 30 acquires an
echo signal from the ultrasound transducer 21 (Step S101),
the control unit 38 performs control to generate an ultra-
sound image (here, B-mode image) based on the echo signal.
The signal processing unit 31 and the ultrasound-image
generating unit 32 generate B-mode image data including
the B-mode image based on the acquired echo signal (Step
S102: ultrasound-image generation step). Then, the control
unit 38 outputs a control signal together with the B-mode
image data to the operating device 4 so that at least the
display unit 41 displays the generated B-mode image. Thus,
under the control of the display controller 43, the display
unit 41 displays a B-mode image (Step S103). In the
following explanation, the display unit 41 displays freeze
images; however, live images may be displayed.

[0059] Then, the control unit 38 determines whether an
input (touch input) of an operating signal has been received
from the control unit 44 (the touch panel 42) (Step S104). If
an input of an operating signal has been received (Step S104:
Yes), the control unit 38 proceeds to Step S105. Conversely,
if an input of an operating signal has not been received (Step
S104: No), the control unit 38 repeatedly checks whether an
operating signal has been input.

[0060] After receiving an operating signal from the oper-
ating device 4, the control unit 38 performs a process to
confirm one of the two measurement points (command
positions) for measurement on the basis of the operating
signal (Step S105: a first measurement-point confirmation
process). Specifically, the calculating unit 33 performs a
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process to calculate a command position in accordance with
a command input from the touch panel 42, while the
operating device 4 causes the display unit 41 to display a
measurement point (command position) superimposed on
the B-mode image, whereby the process to confirm the
measurement point is performed.

[0061] FIG. 3 is a flowchart that illustrates the measure-
ment-point confirmation process performed by the ultra-
sound diagnosis system according to the first embodiment,
and it is a flowchart that illustrates the first measurement-
point confirmation process at Step S105. FIGS. 4 to 9 are
diagrams that illustrate the measurement-point confirmation
process according to the first embodiment.

[0062] First, the command-position coordinates calculat-
ing unit 331 calculates the coordinates of the contact posi-
tion (command position) of an object (finger) that is input to
the touch panel 42 in accordance with the operating signal
(Step S201, FIGS. 4, 5). As the coordinates of the command
position, the command-position coordinates calculating unit
331 calculates the coordinates of the position with the
highest pressure (signal value) within the contact position or
the position at the center (center of gravity) of the area
touched by the finger (the area to which a load is applied).
For example, when an operating signal is input on a regular
basis, the command-position coordinates calculating unit
331 calculates the command position (coordinates) each
time an input is received.

[0063] Here, the character-image generating unit 34 may
generate character image data including a character image
(according to the first embodiment, a character image P,
represented by “X”, see FIG. 5) in accordance with the
coordinates calculated by the command-position coordinates
calculating unit 331. For example, with regard to the char-
acter image P, ;, character image data is generated to allocate
the character image P}, in relation to the coordinates on the
B-mode image such that the coordinates of the command
position are located at the center (intersection point) of the
mark “X”. In this case, the image synthesizing unit 35 may
generate synthesis image data including a synthesis image
for display by synthesizing a B-mode image with a character
image in a superimposed manner.

[0064] Then, the shift-information calculating unit 332
calculates the amount of shift of the B-mode image and
outputs it as shift information (Step S202: a calculation
step). If the ultrasound transducer in use is a radial-type
ultrasound transducer, the shift-information calculating unit
332 generates shift information for rotating a B-mode image
with the center of an image of the ultrasound transducer as
a rotation center. In this case, the shift information includes
a rotation direction and a rotation angle. For shifting a
B-mode image, a direction (depth direction) along the depth
from the ultrasound transducer 21 and the amount of shift in
the depth direction as well as rotation may be set, or the
control unit 38 may set any of the rotation and the depth
direction in accordance with an input from a user or a
command position.

[0065] After the shift-information calculating unit 332
generates the shift information, the ultrasound-image gen-
erating unit 32 shifts the B-mode image (ultrasound image)
in accordance with the shift information (Step S203: a
control step). According to the first embodiment, the ultra-
sound-image generating unit 32 rotates the B-mode image in
a predetermined direction by a predetermined amount on the
basis of the shift information.
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[0066] For example, as illustrated in FIG. 5, the ultra-
sound-image generating unit 32 rotates the B-mode image
by a predetermined amount in a rotation direction Y. The
control unit 38 controls the character-image generating unit
34 so as to generate character image data where a character
image is located at the position that corresponds to the
command position on the B-mode image after the rotation
process (Step S204: a character-image generation step).
Then, the image synthesizing unit 35 synthesizes the
B-mode image with the character image in a superimposed
manner, thereby generating synthesis image data including a
synthesis image for display (Step S205: a synthesis-image
generation step). Due to this rotation process, the character
image P, (see FIG. 5) indicating the command position is
moved to a character image P,, (see FIG. 6). Thus, on the
B-mode image, the character image P,, may be located at
the command position input by the operator, and the char-
acter image P, may be displayed without being concealed
with the operator’s finger (see FIG. 7).

[0067] Then, the control unit 38 determines whether more
than a predetermined time period has elapsed while the
finger is continuously in contact with the same position on
the touch panel 42 (Step S206). Here, when it is determined
that the time period during which the finger is continuously
in contact with the touch panel 42 is shorter than the
predetermined time period (Step S206: No), the control unit
38 proceeds to Step S208. Conversely, when it is determined
that more than the predetermined time period has elapsed
while the finger is continuously in contact with the touch
panel 42 (Step S206: Yes), the control unit 38 proceeds to
Step S207. Furthermore, in the above explanation, the time
period during which the finger is continuously in contact
with the same position on the touch panel 42 is measured,
however, this is not a limitation, and for example a duration
time may be measured based on the assumption that the
finger is continuously in contact with the touch panel 42 if
the finger is continuously in contact within a specified range
from the first contact position.

[0068] At Step S207, a process is performed to enlarge a
partial area of the B-mode image including the command
position. Here, to change an operation mode from the
distance measurement mode, the control unit 38 causes the
mode setting unit 36 to change the setting to the enlarge-
ment/reduction mode and gives a command to the ultra-
sound-image generating unit 32 so as to enlarge the image.
The ultrasound-image generating unit 32 enlarges the
B-mode image by a predetermined enlargement percentage
and inputs the ultrasound image after the enlargement pro-
cess to the image synthesizing unit 35. The ultrasound-
image generating unit 32 may enlarge the image with the
center position of the B-mode image as a center or may
enlarge it with the command position (i.e., the character
image P, ) as a center.

[0069] After the enlarged B-mode image generated by the
ultrasound-image generating unit 32 is input, the image
synthesizing unit 35 superimposes the character image P,
on the enlarged B-mode image in accordance with the
coordinates of the character image P, superimposed on the
B-mode image before enlargement, thereby allocating the
character image P, | on the enlarged B-mode image (see FIG.
8). Then, the calculating unit 33, the character-image gen-
erating unit 34, and the image synthesizing unit 35 update a
character image (command position) in accordance with an
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operating signal input from the touch panel 42. Thus, the
position of the character image P;; on the B-mode image
may be finely adjusted.

[0070] Furthermore, in the enlargement/reduction mode,
an enlargement percentage (display magnification) may be
changed in accordance with changes in the contact position
on the touch panel 42. For example, a threshold is set for the
amount of change in a command position, and the control
unit 38 performs control such that, when the amount of
change in the command position exceeds the threshold, the
command position is moved, and when the amount of
change is lower than or equal to the threshold, the enlarge-
ment percentage of the B-mode image is changed. For
example, when the enlargement/reduction mode is set, the
control unit 38 displays an indicator M on the display unit
41. The control unit 38 increases (+) the enlargement pet-
centage when a vector component of the direction (move
vector) for changing a command position is identical to a
vector (in a vertical direction in the case of FIG. 9) in the “+”
direction or the “~” direction of the indicator M beyond a
certain level, for example, when a vector quantity in an
upward direction is large, a moving velocity in an upward
direction is small, or a pressing force in an upward direction
on a contact area is large, and decreases (-) the enlargement
percentage when a vector quantity in a downward direction
is large, a moving velocity in a downward direction is small,
or a pressing force in a downward direction on a contact area
is large. Furthermore, the minimum value of the enlargement
percentage is larger than zero and it is the least enlargement
percentage selected, and an image is enlarged to be larger
than the originally displayed B-mode image. Furthermore,
the indicator M may have the “+” direction and the “-”
direction in a horizontal direction of an image. When the
enlargement percentage is changed in a horizontal direction,
the control unit 38 controls the enlargement percentage
based on a vector in the same direction as the indicator M,
the movement distance of a command position, and the like.

[0071] At Step S208 subsequent to Step S207, the control
unit 38 determines whether an operation has been performed
to set a measurement point by confirming a command
position. When an operation has been performed to set a
measurement point by confirming the command position
(Step S208: Yes), the control unit 38 terminates the mea-
surement-point confirmation process and returns to the flow-
chart in FIG. 2. Conversely, when an operation has not been
performed to set a measurement point by confirming the
command position (Step S208: No), the control unit 38
returns to Step S207 and repeatedly performs the above-
described process. The operation to confirm a measurement
point is performed, for example, when a command input for
confirming a measurement point is received, when no opera-
tion is performed during a predetermined time period from
the time when the finger is released from the touch panel 42,
and the like.

[0072] Furthermore, after the position of one of the two
measurement points is confirmed, the ultrasound-image gen-
erating unit 32 may move the B-mode image such that the
position of the B-mode image that corresponds to the
position where the character image P, (measurement point)
is allocated is located at the center of the display screen of
the display unit 41. Here, the character-image generating
unit 34 generates character image data in which a character
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image has been moved in accordance with the moved
B-mode image, i.e., the character image has been moved to
the center.

[0073] Furthermore, in the explanation, the trigger for
shifting to the enlargement mode is a duration time of touch
at the same position; however, it may be the moving velocity
of a finger (command position), a contact pressure to the
touch panel 42, the combination thereof, tap, double tap, or
the like. For example, if the moving velocity is a trigger, it
is assumed that a command position is moved to a farther
position as it is higher and a command position is moved to
a closer position as it is lower, and a control is performed
such that a transition is made to an enlargement mode when
the moving velocity is low. Furthermore, when a transition
is made to the enlargement mode due to single tap, double
tap, or the like, the control unit 38 may perform control so
as to make enlargement when double tap is conducted and
make reduction when single tap is conducted. Users may
previously register and edit operation performed to change
the enlargement percentage.

[0074] With reference back to the flowchart in FIG. 2,
after one measurement point is confirmed at Step S105, the
control unit 38 determines whether an input (touch input) of
a new operating signal has been received from the control
unit 44 (the touch panel 42) (Step S106). When it is
determined that an input (touch input) of a new operating
signal has been received (Step S106: Yes), the control unit
38 proceeds to Step S107. Conversely, when no input of a
new operating signal has been received (Step S106: No), the
control unit 38 repeatedly checks whether an operating
signal has been input.

[0075] After receiving an operating signal from the oper-
ating device 4, the control unit 38 performs a process to
calculate and display a first command position based on the
operating signal (Step S107: a second measurement-point
confirmation process). Specifically, the calculating unit 33
performs a process to calculate the other one of the two
measurement points (command positions) for measurement
in accordance with a command input from the touch panel
42, and the operating device 4 causes the display unit 41 to
display the measurement point (command position) supet-
imposed on the B-mode image. The process to calculate and
display the measurement point (command position) is the
same as the flowchart illustrated in FIG. 3.

[0076] FIG. 10 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment, and it is a diagram that illustrates the second
measurement-point confirmation process at Step S107. At
Step S107, when a command is input to the touch panel 42
due to the contact of the operator’s finger, the display screen
illustrated in FIG. 10 displays the B-mode image and a
character image P,,, for which a position has been calcu-
lated in accordance with the command input and a rotation
process has been performed on the B-mode image, in
addition to the measurement point (the character image P, ,)
confirmed at Step S105 on the B-mode image.

[0077] FIG. 11 is a diagram that illustrates the measure-
ment-point confirmation process according to the first
embodiment, and it is a diagram that illustrates the mea-
surement points confirmed at Step S105 and S107. After the
measurement point is confirmed at Step S107, the display
screen illustrated in FIG. 11 displays the character image P, ,
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confirmed at Step S105 and a character image P, confirmed
at Step S107 in a superimposed manner on the B-mode
image.

[0078] After the positions (coordinates) of the two mea-
surement points (the character images P,,, P,,) are calcu-
lated, the measurement-points distance calculating unit 333
calculates the distance between the character images P, , and
P,, and displays it on the display unit 41 (Step S108). The
measurement-points distance calculating unit 333 calculates
the length of the line segment connecting the character
images P,,, P,, and calculates the actual value (A: 2.0 mm
illustrated in FIG. 11) based on the calculated length. Then,
the control unit 38 controls the display unit 41 so as to
display the calculated actual value. Furthermore, the display
device 5 may display the calculated distance between the
measurement points and the actual value.

[0079] At Step S109 subsequent to Step S108, the control
unit 38 determines whether a measurement termination
command for the measurement-point confirmation process
has been input. The control unit 38 determines whether the
operating device 4 has received input of the measurement
termination command and, when the operating device 4 has
received input of the measurement termination command
(Step S109: Yes), terminates the measurement process.
Conversely, if the input unit 37 or the operating device 4 has
not received input of the measurement termination com-
mand (Step S109: No), Step S103 is returned, and the
above-described process is repeated. The measurement ter-
mination command includes, for example, a case where a
command for terminating the distance measurement mode
has been input, a case where no operation has been received
during a predetermined time period, and the like.

[0080] Furthermore, with the above-described flow, an
explanation is given of a case where the display unit 41 in
the operating device 4 displays synthesis images; however,
the display device 5 may display similar images, or the
display device 5 may display only B-mode images during
the measurement process. Furthermore, images displayed by
the display unit 41 and the display device 5 may be identical
or different images. The display device 5 may display not
ultrasound images but measurement points only to make it
possible to select whether an image is to be rotated, moved,
or displayed in an enlarged manner.

[0081] According to the first embodiment described
above, after a command position (coordinates) on a B-mode
image is calculated in accordance with the contact position
of the finger on the touch panel 42, the B-mode image is
rotated, and the character image P,, is allocated at the
position that corresponds to the command position in the
B-mode image, whereby with regard to the position (the
character image P, ) specified by an operator, or the like, the
character image P,, is allocated in accordance with the
position intuitively specified by the operator, and the vis-
ibility of the character image P, is retained without being
hidden by the finger of the operator so that the operability
regarding a command input of a command point on an
ultrasound image (B-mode image) may be improved.
[0082] Furthermore, in the explanation according to the
above-described first embodiment, two command positions
are input at different timing in chronological order when a
touch is made with one finger and then a touch is made with
another finger; however, two command positions may be
input by simultaneously touching the touch panel 42 with
two fingers. When two command positions are simultane-
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ously input, each measurement point is confirmed on the
basis of each command position (contact position).

[0083] Furthermore, in the explanation according to the
above-described first embodiment, a B-mode image is
enlarged in the enlargement mode; however, the range for
generating a B-mode image may be changed. When a
B-mode image is enlarged, a partial area of the ultrasound
image (B-mode image) generated by the ultrasound-image
generating unit 32 is clipped and enlarged. However, when
a B-mode image is enlarged by changing the range, ultra-
sonic waves are transmitted in accordance with the changed
range, ultrasound echoes reflected by an observation target
are acquired, and a B-mode image with the changed range
is generated by the ultrasound-image generating unit 32. The
subsequent process is the same as the above-described
process. As described above, when the range is changed, the
amount of change is set based on a touch duration time, the
number of times touch is detected, and a preset amount of
change.

Modification 1 of the First Embodiment

[0084] FIG. 12 is a diagram that illustrates a measure-
ment-point confirmation process according to a modification
1 of the first embodiment. According to the above-described
first embodiment, a radial-type ultrasound transducer is
explained as an example; however, this is not a limitation,
and a convex-type and a linear-type ultrasound transducers
are applicable. For example, as illustrated in FIG. 12, in the
case of a convex-type ultrasound transducer, when a com-
mand position is input, a B-mode image is shifted in at least
one direction of the display screen, i.e., an upward direction,
a downward direction, a leftward direction, or a rightward
direction, so that a control is performed such that a character
image P;, indicating the command position is not hidden by
a finger of the operator. FIG. 12 illustrates an example where
a B-mode image is shifted to a position in combination of the
upward direction and the leftward direction and the charac-
ter image P;, 1s superimposed on the shifted B-mode image.

[0085] Furthermore, the control unit 38 is capable of
identifying the type of the ultrasound transducer 21 provided
in the ultrasound probe 2 connected to the processing device
3, and the shift-information calculating unit 332 generates
shift information in accordance with the identified ultra-
sound transducer. The storage unit 39 stores the information
for identifying the ultrasound transducer, and the control
unit 38 acquires unique information from the connected
ultrasound probe 2 and identifies the type of the ultrasound
transducer provided in the connected ultrasound probe 2 on
the basis of the acquired unique information and the infor-
mation stored in the storage unit 39.

Modification 2 of the First Embodiment

[0086] Furthermore, a radial-type ultrasound transducer
may shift synthesis images in upward, downward, right-
ward, and leftward directions of the screen as in the above-
described modification 1. FIGS. 13 and 14 are diagrams that
illustrate the measurement-point confirmation process
according to a modification 2 of the first embodiment, and
they are diagrams that illustrate shifted synthesis images.
According to the modification 2, a slide direction of the
synthesis image is changed in accordance with the depth of
a command position from the ultrasound transducer.
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[0087] For example, when the position of the character
image (command position) is a position with a small depth
from the ultrasound transducer like a character image P,
illustrated in FIG. 13, the B-mode image is slid in an upper
left direction of the display screen and a character image P 5
is displayed. Conversely, when the position of the character
image (command position) is a position with a large depth
from the ultrasound transducer like a character image P
illustrated in FIG. 14, the B-mode image is slid in an upward
direction of the display screen and a character image P, is
displayed. In this manner, shifting due to sliding as well as
shifting due to rotation may be conducted, and a shift
direction may be changed in accordance with a depth.

Modification 3 of the First Embodiment

[0088] FIG. 15 is a diagram that illustrates a measure-
ment-point confirmation process according to a modification
3 of the first embodiment. According to the above-described
first embodiment, an explanation is given of, for example,
the configuration for enlarging a B-mode image while the
display position of the character image P, , is kept; however,
this is not a limitation, and an enlarged image may be
displayed on a different display area. For example, as
illustrated in FIG. 15, a display area R for displaying an
enlarged image is provided to display a synthesis image
where a character image P, is allocated on the enlarged
B-mode image. Furthermore, the character image P 5 on the
B-mode image at the display area R is located at the position
that corresponds to the character image P, and when the
character image P,; is moved, the position of the character
image P, ; is accordingly changed. Furthermore, when the
character image P,, is out of the display area R due to
movement of the character image P, the enlarged area of
the B-mode image is changed to a partial area so that the
character image P is displayed on the display area R.

Second Embodiment

[0089] Next, with reference to a drawing, an explanation
is given of a second embodiment. FIG. 16 is a block diagram
that illustrates the configuration of an ultrasound diagnosis
system according to the second embodiment. FIG. 17 is a
diagram that illustrates a character-image display process
according to the second embodiment. According to the
second embodiment, to improve the visibility of character
images, two character images are rotated in accordance with
location of the character images.

[0090] In an ultrasound diagnosis system 1A according to
the second embodiment, as compared with the configuration
of the above-described ultrasound diagnosis system 1, a
calculating unit 33a in a processing device 3A further
includes an overlap determining unit 334. The overlap
determining unit 334 determines whether two character
images are ovetlapped with the line segment connecting the
two character images.

[0091] When two character images (character images P,
P.,) are displayed in accordance with two measurement
points that are set for distance measurement, a line segment
L, connecting the character images Ps,, P, is sometimes
overlapped with the character images P, Ps,, as illustrated
in a part (a) of FIG. 17. In this case, the visibility of the
center positions of the character images Ps,, P5, and the
edges of the line segment L, are reduced.
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[0092] According to the second embodiment, the overlap
determining unit 334 determines whether a character image
and a line segment are overlapped on the basis of the shape
of the character image and the direction to which the line
segment extends. The overlap determining unit 334 deter-
mines that the line segment L, connecting the character
images Ps,, Ps, are overlapped with the character images
P, Ps,, the shift-information calculating unit 332 generates
shift information indicating that the character images are to
be rotated, and the character-image generating unit 34
rotates the character images P, , P, and generates character
images P, Ps, that are not overlapped with the line segment
L,, as illustrated in a part (b) of FIG. 17. For example, the
character-image generating unit 34 rotates a character image
by 45° with the center of the character image as a rotation
center, thereby generating character image data. Further-
more, in accordance with the positional relationship between
the character images P, P,, rotation may be made such
that the line segment L, always passes through the center of
the two perpendicular straight lines of the character images
Py, Pss.

[0093] According to the second embodiment described
above, the advantage of the above-described first embodi-
ment may be obtained, and when the overlap determining
unit 334 determines that the line segment [, connecting the
character images Ps,, P, is overlapped with the character
images Ps,, Ps,, the character-image generating unit 34
rotates the character images Ps,, Ps, or rotates them such
that, in accordance with the positional relationship between
the character images Py, Ps,, the angle made between the
line segments of the character images Ps;, Ps, (two perpen-
dicular straight lines) and the line segment L, is always 45°
so that the generated character images Ps;, Ps, are not
overlapped with the line segment L,, whereby it is possible
to prevent a reduction in the visibility of the center of a
character image and the edges of a measurement range.
[0094] Furthermore, in the explanation according to the
above-described second embodiment, the character images
Ps,, Ps, are rotated to change the shapes of the character
images; however, when the overlap determining unit 334
determines that they are overlapped, a character image may
be changed from “X” to a triangle, a circle, or the like.

Third Embodiment

[0095] Next, a third embodiment is explained with refer-
ence to drawings. FIG. 18 is a block diagram that illustrates
the configuration of an ultrasound diagnosis system accord-
ing to the third embodiment. According to the third embodi-
ment, to improve the visibility of character images, the line
of sight of an operator is detected, and a character image is
shifted in accordance with a detection result.

[0096] In an ultrasound diagnosis system 1B according to
the third embodiment, as compared with the configuration of
the above-described ultrasound diagnosis system 1, a cal-
culating unit 335 of a processing device 3B further includes
an NUI recognizing unit 335, and an operating device 4A
further includes a natural user interface (NUI) 45. The NUI
45 captures for example the upper half of the body of an
operator and outputs identification information for identify-
ing an eye (the line of sight) or a finger. On the basis of
identification information from the NUI 45, the NUI recog-
nizing unit 335 detects the direction of the line of sight of the
operator or detects whether the hand touching the touch
panel 42 is a right hand or a left hand and outputs it to the
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shift-information calculating unit 332. The NUT recognizing
unit 335 compares the obtained electric signal with feature
data to recognize the direction of the line of sight or a right
hand or a left hand.

[0097] FIGS. 19, 20 are diagrams that illustrate a mea-
surement-point confirmation process according to the third
embodiment. For example, when the NUI recognizing unit
335 obtains a recognition result such that the hand touching
the touch panel 42 is a right hand and the direction of the line
of sight is an N direction, the shift-information calculating
unit 332 sets a shift direction such that the character image
is moved to the left side that is the side of the thumb and the
front of the line of sight. In FIG. 19, the shift direction is set
in a direction (an arrow Y, in FIG. 19) along which the
character image is moved to the upper left. Thus, as illus-
trated in FIG. 19, a character image P, is an image dis-
played on the upper left of the fingertip.

[0098] Furthermore, when the NUI recognizing unit 335
obtains a recognition result such that the hand touching the
touch panel 42 is a left hand and the direction of the line of
sight is an N, direction, the shift-information calculating
unit 332 sets a shift direction such that the character image
is moved to the right side that is the side of the thumb and
the front of the line of sight. In FIG. 20, the shift direction
is set in a direction (an arrow Y, in FIG. 20) along which the
character image is moved to the upper right. Thus, as
illustrated in FIG. 20, a character image P, is an image
displayed on the upper right of the fingertip.

[0099] According to the third embodiment described
above, the advantage of the above-described first embodi-
ment may be obtained, and the NUI recognizing unit 335
detects the direction of the line of sight of an operator and
detects whether the hand touching the touch panel 42 is a
right hand or a left hand on the basis of identification
information from the NUI 45, and the shift-information
calculating unit 332 determines a shift direction in accor-
dance with the direction of the line of sight and the hand so
that a character image is allocated based on the position that
1s intuitively designated by the operator and the visibility of
the character image is retained, whereby the operability with
regard to a command input for a command point on an
ultrasound image (B-mode image) may be further improved.
[0100] Furthermore, in the explanation according to the
above-described third embodiment, the NUI 45 outputs
identification information for identifying an eye (the line of
sight) or a hand; however, at least one of the line of sight and
a hand may be detected.

[0101] Furthermore, in the explanation according to the
first to the third embodiments and the modifications
described above, the observation target is for example a
living tissue; however, industrial-use endoscopes for observ-
ing the characteristics of a material are also applicable. The
ultrasound observation device according to the present dis-
closure is applicable regardless of whether it is inside or
outside a body. Moreover, not only ultrasonic waves but also
infrared rays, or the like, may be emitted to transmit and
receive signals of the observation target.

[0102] Furthermore, in the explanation according to the
first to the third embodiments and the modifications
described above, the distance between two measurement
points is measured; however, when the measurement target
1s a circle, or the like, and an area is measured, a measure-
ment point may be regarded as the diameter of the circle, and
the diameter of the circle as the measurement target may be
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set by operation on the touch panel. Moreover, when an
ellipse is set rather than a circle, any one of the short axis and
the long axis calculated at a predetermined percentage may
be input through the touch panel 42. For example, not only
measuring the distance between two measurement points,
but also an operation target position may be determined on
the basis of input of one point or three or more points.
[0103] Thus, the present disclosure may include various
embodiments without departing from the technical idea
disclosed in claims.

[0104] According to the present disclosure, there is an
advantage such that operahility with regard to a command
input of a command point on an ultrasound image may be
improved.

[0105] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A processing device comprising a controller comprising
hardware, wherein the controller is configured to execute:

generating an ultrasound image based on an ultrasound

signal acquired by an ultrasound probe, the ultrasound
probe being configured to transmit an ultrasonic wave
to a subject that is an observation target and receive an
ultrasonic wave reflected by the subject;

generating shift information including a shift direction of

a display area of the ultrasound image displayed on a
display unit in accordance with a command position
with respect to the ultrasound image;

shifting the ultrasound image in accordance with the shift

information; and

generating a character image indicating an area targeted

for a process performed on the ultrasound image in
relation to the command position in the ultrasound
image after being shifted.

2. The processing device according to claim 1, wherein
the controller is configured to further execute generating a
synthesys image by synthesizing the ultrasound image and
the character image.

3. The processing device according to claim 1, wherein
the controller is configured to execute changing a display
magnification of the ultrasound image displayed on the
display unit or a range for generating the ultrasound image,
in accordance with a behavior of a command position of the
area targeted for a process performed on the ultrasound
image during a duration time of touch on a touch panel
provided on a display surface of the display unit, the touch
panel including a contact surface with which a finger of an
operator is brought into contact, and receiving an input that
corresponds to a contact position of the finger as the com-
mand position.

4. The processing device according to claim 3, wherein
the controller is configured to execute, when the display
magnification of the ultrasound image or the range for
generating the ultrasound image is changed, enlarging a
partial area of the ultrasound image including the command
position and displaying the enlarged partial area on the
display unit.
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5. The processing device according to claim 3, wherein
the behavior of the command position during a duration time
of touch on the touch panel is a duration time of touch on an
identical command position, and

the controller is configured to execute changing the dis-

play magnification of the ultrasound image on the
display unit or the range for generating the ultrasound
image when the duration time of touch is a predeter-
mined time period or more.

6. The processing device according to claim 1, wherein
the controller is configured to execute changing a display
magnification of the ultrasound image displayed on the
display unit or a range for generating the ultrasound image
in accordance with number of times touch on the touch panel
is detected.

7. The processing device according to claim 1, wherein
the controller is configured to execute setting a shift direc-
tion of the display area of the ultrasound image in accor-
dance with a type of a ultrasound transducer that is provided
in the ultrasound probe connected to the processing device.

8. The processing device according to claim 1, wherein
the controller is configured to execute:

identifying a type of the ultrasound probe connected to the

processing device; and

setting a shift direction of the display area of the ultra-

sound image in any of a rotation direction and a depth
direction of the ultrasound transducer when the ultra-
sound probe connected to the processing device
includes a radial-type ultrasound transducer.

9. The processing device according to claim 1, wherein
the controller is configured to execute:

Identifying a type of the ultrasound probe connected to

the processing device; and

setting a shift direction of the display area of the ultra-

sound image in at least one of upward, downward,
rightward, and leftward directions of a display screen of
the display unit when the ultrasound probe connected to
the processing device includes a convex-type ultra-
sound transducer.

10. The processing device according to claim 7, wherein
the controller is configured to execute setting a shift direc-
tion of the display area of the ultrasound image in accor-
dance with the command position and a depth that is a depth
from the ultrasound transducer and that is a depth from an
image of the ultrasound transducer in the ultrasound image
to a position that corresponds to the command position.

11. The processing device according to claim 1, wherein
the controller is configured to execute:

measuring a distance between two command positions

designated in the ultrasound image through the touch
panel; and

generating the ultrasound image in which, after input of

one of the two command positions is terminated, a
position of the ultrasound image that corresponds to the
one of the command positions is located at a center of
a display screen of the display unit.

12. The processing device according to claim 1, wherein
the controller is configured to execute setting a shift direc-
tion of the display area of the ultrasound image in accor-
dance with a detection result of a detector configured to
detect at least one of a finger and a line of sight of an
operator who operates the touch panel.

13. The processing device according to claim 11, wherein
the controller is configured to execute changing the charac-
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ter image in accordance with a positional relationship
between character images that correspond to the two com-
mand positions.
14. A method of operating a processing device, compris-
ing:
generating an ultrasound image based on an ultrasound
signal acquired by an ultrasound probe, the ultrasound
probe being configured to transmit an ultrasonic wave
to a subject that is an observation target and receive an
ultrasonic wave reflected by the subject;
generating shift information including a shift direction of
a display area of the ultrasound image displayed on a
display unit in accordance with a command position
with respect to the ultrasound image;
shifting the ultrasound image in accordance with the shift
information; and
generating a character image indicating an area targeted
for a process performed on the ultrasound image in
relation to the command position in the ultrasound
image after being shifted.
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15. A non-transitory computer-readable recording
medium on which an executable program is recorded, the
program instructing a processor to execute:

generating an ultrasound image based on an ultrasound

signal acquired by an ultrasound probe, the ultrasound
probe being configured to transmit an ultrasonic wave
to a subject that is an observation target and receive an
ultrasonic wave reflected by the subject;

generating shift information including a shift direction of

a display area of the ultrasound image displayed on a
display unit in accordance with a command position
with respect to the ultrasound image;

shifting the ultrasound image in accordance with the shift

information; and

generating a character image indicating an area targeted

for a process performed on the ultrasound image in
relation to the command position in the ultrasound
image after being shifted.
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