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is satisfied. The display control unit (4) switches the image to
be displayed on the display unit (5) based on the display
switching signal. With this configuration, the operator can
switch the display states of the ultrasonic image and the

AGIB 8/14 (2006.01) various setting items by performing a normal diagnostic
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ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic device, and particularly to switching control of an
image display state of the ultrasonic diagnostic device.

BACKGROUND ART

[0002] A conventional ultrasonic diagnostic device includ-
ing a means for switchably displaying a setting image and a
diagnostic image on a monitor has been proposed (see, e.g.,
Patent Document 1). In the conventional ultrasonic diagnostic
device, the setting image is obtained by synthesizing an ultra-
sonic image and various setting items related to the ultrasonic
image, and the diagnostic image is obtained by maximizing a
display area of the ultrasonic image.

[0003] FIG. 7 is a schematic view showing switching
between a setting image 101 containing various setting items
103 and a diagnostic image 102. This ultrasonic diagnostic
device has an instruction means used for an operator to pro-
vide instructions to switch the display states. The instruction
means can be a switch key. When the switch key is pressed
down, the operator’s instructions are input, and then the dis-
play states are switched. With this configuration, since the
display area of the ultrasonic image can be maximized during
examination, the diagnostic performance can be improved.
Moreover, the settings of the ultrasonic diagnostic device can
be changed by switching the display images.

Prior Art Documents

Patent Documents
[0004] Patent Document 1: JP 2003-159252A

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0005] However, in the above conventional configuration,
the operator needs to operate the instruction means in some
way (e.g., pressing down the switch key) to switch the display
states. For this reason, the operation becomes complicated.
[0006] The present invention solves the above conventional
problem and has an object of providing an ultrasonic diag-
nostic device that allows an operator to switch the display
states of an ultrasonic image and various setting items by
performing a normal diagnostic operation.

Means for Solving Problem

[0007] An ultrasonic diagnostic device of the present
invention includes the following: a transmission/reception
unit that generates an echo signal from a reception signal
transmitted from a probe that receives ultrasonic waves; an
image generation unit that generates ultrasonic image data
(diagnostic image data) from the echo signal; a display con-
trol unit that outputs the ultrasonic image data or synthetic
image data (setting image data) obtained by synthesizing
various setting items and an ultrasonic image based on the
ultrasonic image data; and a display unit that displays the
ultrasonic image data as an ultrasonic image or the synthetic
image data as a synthetic image. To solve the above problem,
the ultrasonic diagnostic device further includes a display
switching control unit. The display switching control unit
analyzes a predetermined switching factor, and outputs a
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display switching signal to the display control unit when the
display switching control unit recognizes that a display
switching condition for the switching of an image to be dis-
played on the display unit between the ultrasonic image and
the synthetic image is satisfied. The display control unit
switches the image to be displayed on the display unit based
on the display switching signal.

[0008] In the ultrasonic diagnostic device, the display
switching control unit may include a timer that resets an
elapsed time, which is the predetermined switching factor,
when an operator performs a predetermined operation in a
diagnostic operation. The display switching control unit may
output the display switching signal indicating display of the
ultrasonic image to the display control unit when the elapsed
time is not less than a predetermined value as the display
switching condition. Moreover, the timer may have an
elapsed time setting portion that allows the operator to set the
predetermined value of the timer.

[0009] The display switching control unit may analyze a
signal from a sensor, and output the display switching signal.
[0010] The display switching control unit may include a
sensor that measures a distance between the ultrasonic diag-
nostic device and an operator, which is the predetermined
switching factor. The display switching control unit may ana-
lyze the distance measured by the sensor, and output the
display switching signal indicating display of the synthetic
image to the display control unit when the distance measured
by the sensor is less than a predetermined distance as the
display switching condition, and also output the display
switching signal indicating display of the ultrasonic image to
the display control unit when the distance measured by the
sensor is not less than the predetermined distance as the
display switching condition.

[0011] Moreover, the display switching control unit may
include a line-of-sight sensor that detects a line-of-sight of an
operator, which is the predetermined switching factor. The
display switching control unit may analyze the line-of-sight
of'the operator detected by the line-of-sight sensor, and output
the display switching signal based on the results of the analy-
sis. Moreover, the display switching control unit may include
an acceleration sensor that detects a movement of the probe,
which is the predetermined switching factor. The display
switching control unit may analyze the movement of the
probe detected by the acceleration sensor, and output the
display switching signal based on the results of the analysis.
[0012] The display switching control unit may analyze the
echo signal from the transmission/reception unit or the ultra-
sonic image data from the image generation unit, and output
the display switching signal based on the results of the analy-
sis.

[0013] The display switching control unit may analyze the
echo signal from the transmission/reception unit or the ultra-
sonic image data from the image generation unit, and output
the display switching signal indicating display of the syn-
thetic image to the display control unit when the display
switching control unit judges that the ultrasonic waves are
radiated through the air as the display switching condition,
and also output the display switching signal indicating dis-
play of the ultrasonic image to the display control unit when
the display switching control unit judges that the ultrasonic
waves are not radiated through the air as the display switching
condition.

[0014] The display switching control unit may include a
workflow analysis unit that analyzes an operational history,
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which is the predetermined switching factor. The display
switching control unit may output the display switching sig-
nal to the display control unit based on the results of the
analysis of the workflow analysis unit. Moreover, the display
switching control unit may have an operation setting portion
that can set an operation that is analyzed as the display switch-
ing condition by the workflow analysis unit.

[0015] The display switching control unit may allow an
operator to set an operation by which the display switching
control unit decides to perform display switching.

Effects of the Invention

[0016] According to the present invention, the ultrasonic
diagnostic device includes the display switching control unit
for determining the display switching, and thus allows
switching of the display states of the ultrasonic image, the
various setting items, and the additional information by per-
forming a normal diagnostic operation without any particular
operation to change the display states.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG.1isablock diagram of an ultrasonic diagnostic
device of Embodiment 1 of the present invention.

[0018] FIG. 2 is a schematic view showing an operation of
an ultrasonic diagnostic device of the present invention.
[0019] FIG. 3 isablock diagram of an ultrasonic diagnostic
device of Embodiment 2 of the present invention.

[0020] FIG.4isablock diagram of an ultrasonic diagnostic
device of Embodiment 3 of the present invention.

[0021] FIG.5isablock diagram of an ultrasonic diagnostic
device of Embodiment 4 of the present invention.

[0022] FIG. 6 is ablock diagram of an ultrasonic diagnostic
device of Embodiment 5 of the present invention.

[0023] FIG. 7 is a schematic view showing an operation of
a conventional ultrasonic diagnostic device.

DESCRIPTION OF THE INVENTION
Embodiment 1

[0024] FIG.1isablock diagram showing a configuration of
an ultrasonic diagnostic device of Embodiment 1 of the
present invention. A probe 1 has a transducer 11, and converts
a transmission signal (electrical signal) into ultrasonic waves
and irradiates a subject body with the ultrasonic waves. More-
over, the probe 1 converts the ultrasonic waves that have been
reflected by the interface between materials with different
acoustic impedances in the subject body into an electrical
signal (reception signal). A transmission/reception unit 2
generates a drive signal for the transducer 11 and controls the
delay ofthe drive signal to generate a transmission signal. The
transmission/reception unit 2 also performs delay addition on
the reception signal and generates an echo signal from signals
for each of the acoustic lines.

[0025] An image generation unit 3 includes, e.g., a detec-
tion processing unit 12, a sampling processing unit 13, a
filtering processing unit 14, and a coordinate transformation
unit 15. The image generation unit 3 performs processing
such as detection, sampling, filtering, and coordinate trans-
formation on the echo signal and produces ultrasonic image
data.

[0026] A display control unit4includes, e.g., a display state
control unit 16 and a synthetic image generation unit 17. The
display state control unit 16 receives a display switching
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signal from a display switching notification unit 19 (as will be
described later) and recognizes the display state switching
between an image (referred to as “diagnostic image” in the
following) obtained by maximizing an ultrasonic image and
an image (referred to as “setting image” in the following)
obtained by synthesizing the ultrasonic image and various
setting items (setting items, additional information, etc.) in
accordance with the display switching signal, and then
decides whether image synthesis will be required. FIG. 2 is a
schematic view showing the display state switching between
a setting image 31 containing various setting items 33 and a
diagnostic image 32 based on a switching factor.

[0027] The display state control unit 16 holds the display
position information and the display order information of
various display items. The synthetic image generation unit 17
generates diagnostic image data or setting image data based
on the display position information and the display order
information of various display items in accordance with the
decision of the display state control unit 16. A display unit 5
includes, e.g., a monitor. The display unit 5 displays the
diagnostic image data as a diagnostic image and the setting
image data as a setting image.

[0028] A display switching control unit 6 includes, e.g., a
display switching recognition unit 18 and the display switch-
ing notification unit 19. The display switching control unit 6
determines the display state of a display image that is to be
displayed on the display unit 5. The display switching recog-
nition unit 18 determines which display image, the diagnostic
image or the setting image, to display on the display unit 5
based on the display switching information in the switching
factor. The display switching information is detected inside
the display switching recognition unit 18 or externally input
to the display switching recognition unit 18. When the display
switching information satisfies the display switching condi-
tion, the display switching notification unit 19 transmits a
display switching signal to the display control unit 4.

[0029] Thedisplay switching condition may be either set in
the device previously or set by an operator. The switching
factor can be of any type as long as the display switching
information can distinguish the case where the operator is
examining the subject body using the probe 1 from the case
where the operator is changing the settings. Thus, the display
switching control can be performed so that the maximized
ultrasonic image is displayed on the display unit 5 during the
examination, and both the ultrasonic image and the various
setting items are displayed on the display unit 5 at the time of
changing the settings of image parameters.

[0030] Next, the operation of the ultrasonic diagnostic
device having the above configuration of this embodiment
will be described. The transmission/reception unit 2 controls
the information about the transmission of the ultrasonic
waves and transmits a transmission signal to the probe 1. The
probe 1 is driven by the transmission signal and transmits
ultrasonic waves to the subject body. Moreover, the probe 1
receives the reflected waves from the subject body and trans-
mits a reception signal to the transmission/reception unit 2.
The transmission/reception unit 2 performs the delay addition
on the reception signal to generate an echo signal and trans-
mits the echo signal to the image generation unit 3. The image
generation unit 3 generates ultrasonic image data from the
echo signal and transmits the ultrasonic image data to the
display control unit 4.

[0031] The display switching control unit 6 decides
whether the display switching information satisfies the dis-
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play switching condition, and then transmits a display switch-
ing signal to the display control unit 4. The display control
unit 4 receives the display switching signal, generates diag-
nostic image data or setting image data, and transmits the
generated data to the display unit 5. The display unit 5 dis-
plays the diagnostic image data as the diagnostic image 32
and the setting image data as the setting image 31.

[0032] As described above, in this embodiment, the display
switching control unit 6 transmits the display switching sig-
nal to the display control unit 4 in accordance with the exami-
nation situation, and the display control unit 4 switches the
image to be displayed on the display unit 5. Therefore, the
display states can be switched automatically without the need
for the operator consciously to perform a switching operation,
and the image with desired content and size can be displayed.
Thus, not only the visibility of the image but also the oper-
ability is improved, so that the time for diagnosis can be
reduced.

Embodiment 2

[0033] Embodiment 2 describes a specific example of the
display switching control unit 6 in Embodiment 1. In an
ultrasonic diagnostic device of this embodiment, the prede-
termined switching factor is an elapsed time from a predeter-
mined operation. Moreover, the elapsed time measured by a
timer is used as the display switching information. Specifi-
cally, the setting image is displayed while the operator is
performing a predetermined operation on the ultrasonic diag-
nostic device. When a predetermined time has elapsed since
the predetermined operation, the diagnostic image is dis-
played, assuming that the operator is examining the subject
body at the moment.

[0034] FIG.3isablock diagram showing a configuration of
the ultrasonic diagnostic device of Embodiment 2 of the
present invention. The ultrasonic diagnostic device of this
embodiment uses a display switching control unit 6a instead
of the display switching control unit 6 of the ultrasonic diag-
nostic device of Embodiment 1. The other components of the
ultrasonic diagnostic device of this embodiment are the same
as those of the ultrasonic diagnostic device of Embodiment 1.
The same components as those of Embodiment 1 are denoted
by the same reference numerals, and the explanation will not
be repeated.

[0035] A display switching recognition unit 18« of the dis-
play switching control unit 6a has a timer 21. The timer 21
measures an elapsed time from the time at which the operator
performs any operation on the ultrasonic diagnostic device.
The elapsed time measured by the timer 21 corresponds to the
display switching information in Embodiment 1. When the
operator performs any operation, the timer 21 is reset and
starts measuring time again. Thus, the elapsed time from the
time of the operation is determined. The display switching
recognition unit 18a recognizes that the display switching
condition is satisfied when the elapsed time exceeds the pre-
viously set time period.

[0036] Next, the operation of the ultrasonic diagnostic
device having the above configuration of this embodiment
will be described. The transmission/reception unit 2 controls
the information about the transmission of the ultrasonic
waves and transmits a transmission signal to the probe 1. The
probe 1 is driven by the transmission signal and transmits
ultrasonic waves to the subject body. Moreover, the probe 1
receives the reflected waves from the subject body and trans-
mits a reception signal to the transmission/reception unit 2.
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The transmission/reception unit 2 performs the delay addition
on the reception signal to generate an echo signal and trans-
mits the echo signal to the image generation unit 3. The image
generation unit 3 generates ultrasonic image data from the
echo signal and transmits the ultrasonic image data to the
display control unit 4.

[0037] When the elapsed time measured by the timer 21
exceeds the previously set time period, the display switching
recognition unit 18a notifies the display switching notifica-
tion unit 19 that the display switching condition is satisfied.
The display switching notification unit 19 transmits a display
switching signal indicating the display of the diagnostic
image to the display control unit 4. Upon reception of the
display switching signal, the display control unit 4 instructs
the display unit 5 to change the setting image 31 to the
diagnostic image 32.

[0038] As described above, in the ultrasonic diagnostic
device of this embodiment, the ultrasonic image can be maxi-
mized automatically and displayed on the display unit 5, e.g.,
when the operator has not operated the device for a certain
period of time since the previous operation, that is, when the
operator has been looking steadily at the image for the diag-
nosis.

[0039] The timer 21 may include an elapsed time setting
portion that allows the operator to set a reference time in
advance, by which the display switching control unit 6a
decides whether the display switching condition is satisfied.
[0040] Although the setting image is changed to the diag-
nostic image in this embodiment, the display switching con-
dition can be set so that the diagnostic image is changed to the
setting image. In such a case, an example of the display
switching condition is that the operator performs the previ-
ously set operation (e.g., pressing the freeze key, the save key,
etc.) on the ultrasonic diagnostic device during the examina-
tion.

Embodiment 3

[0041] Embodiment 3 describes a specific example of the
display switching control unit 6 in Embodiment 1. In an
ultrasonic diagnostic device of this embodiment, the prede-
termined switching factor is a distance from the ultrasonic
diagnostic device to the operator. Moreover, the distance
measured by a sensor is used as the display switching infor-
mation. Specifically, when the operator comes close to the
main units (the transmission/reception unit 2, the image gen-
erationunit 3, the display control unit 4, the display unit 5, and
adisplay switching control unit 65) of the ultrasonic diagnos-
tic device, the setting image is displayed, assuming that the
operator will work on settings. On the other hand, when the
operator goes away from the main units of the ultrasonic
diagnostic device, the diagnostic image is displayed, assum-
ing that the operator will be examining the subject body.
[0042] FIG. 4is ablock diagram showing a configuration of
the ultrasonic diagnostic device of Embodiment 3 of the
present invention. The ultrasonic diagnostic device of this
embodiment uses a display switching control unit 65 includ-
ing a sensor 22 instead of the display switching control unit 6
of the ultrasonic diagnostic device of Embodiment 1. The
other components of the ultrasonic diagnostic device of this
embodiment are the same as those of the ultrasonic diagnostic
device of Embodiment 1. The same components as those of
Embodiment 1 are denoted by the same reference numerals,
and the explanation will not be repeated.
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[0043] The sensor 22 measures a distance between any of
the main units of the ultrasonic diagnostic device and the
operator. The distance measured by the sensor 22 corresponds
to the display switching information in Embodiment 1. The
display switching control unit 65 includes a display switching
recognition unit 184.

[0044] The display switching recognition unit 185 recog-
nizes that the display switching condition for the change from
the diagnostic image to the setting image is satisfied when the
sensor 22 detects that the operator has entered the area in
which the operator can operate the ultrasonic diagnostic
device, and then notifies the display switching notification
unit 19 of this fact. Moreover, the display switching recogni-
tion unit 184 recognizes that the display switching condition
for the change from the setting image to the diagnostic image
is satisfied when the sensor 22 detects that the operator has
moved out of the area in which the operator can operate the
ultrasonic diagnostic device, and then notifies the display
switching notification unit 19 of this fact.

[0045] Next, the operation of the ultrasonic diagnostic
device having the above configuration of this embodiment
will be described. The transmission/reception unit 2 controls
the information about the transmission of the ultrasonic
waves and transmits a transmission signal to the probe 1. The
probe 1 is driven by the transmission signal and transmits
ultrasonic waves to the subject body. Moreover, the probe 1
receives the reflected waves from the subject body and trans-
mits a reception signal to the transmission/reception unit 2.
The transmission/reception unit 2 performs the delay addition
on the reception signal to generate an echo signal and trans-
mits the echo signal to the image generation unit 3. The image
generation unit 3 generates ultrasonic image data from the
echo signal and transmits the ultrasonic image data to the
display control unit 4.

[0046] When the sensor 22 detects that the operator has
entered the area in which the operator can operate the ultra-
sonic diagnostic device, the display switching recognition
unit 185 notifies the display switching notification unit 19 that
the setting image is to be displayed. The display switching
notification unit 19 transmits a display switching signal indi-
cating the display of the setting image to the display control
unit 4. Upon reception of the display switching signal, the
display control unit 4 instructs the display unit 5 to change the
diagnostic image to the setting image.

[0047] When the sensor 22 detects that the operator has
moved out of the area in which the operator can operate the
ultrasonic diagnostic device, the display switching recogni-
tion unit 185 notifies the display switching notification unit
19 that the diagnostic image is to be displayed. The display
switching notification unit 19 transmits a display switching
signal indicating the display of the diagnostic image to the
display control unit 4. Upon reception of the display switch-
ing signal, the display control unit 4 instructs the display unit
5 to change the setting image to the diagnostic image.
[0048] As described above, in the ultrasonic diagnostic
device of this embodiment, the maximization of the ultra-
sonic image can be removed and the diagnostic image can be
switched automatically to the setting image, e.g., when the
operator stops the scanning operation and is going to change
various settings. Moreover, the setting image can be switched
automatically to the diagnostic image by maximizing the
ultrasonic image, e.g., when the operator performs the scan-
ning operation. Therefore, the operator can examine the sub-
ject body without any need to consciously change the settings
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of the display image. The sensor is not limited to the distance
measuring sensor of this embodiment as long as it can detect
changes associated with the action of the operator, and may be
a line-of-sight sensor for detecting a line of sight of the
operator, an acceleration sensor for detecting a movement of
the probe, or the like.

[0049] In the case of using the line-of-sight sensor for
detecting the line of sight of the operator, the display switch-
ing control unit 65 analyzes the direction and position of the
line of sight of the operator (i.e., the predetermined switching
factor) detected by the line-of-sight sensor, and the display
switching can be performed based on the results of the analy-
sis. Forexample, the display can be switched to the diagnostic
image when the operator’s line of sight has been moved closer
to the center of the display screen of the display unit 5. On the
other hand, the display can be switched to the setting image
when the operator’s line of sight has been moved closer to the
edge of the display image or moved away from the display
screen of the display unit 5. In the case of using the accelera-
tion sensor for detecting the movement of the probe, the
display switching control unit 65 analyzes the movement of
the probe (i.e., the predetermined switching factor) detected
by the acceleration sensor, and can output a display switching
signal based on the results of the analysis of the speed, direc-
tion, etc. of the movement of the probe.

Embodiment 4

[0050] Embodiment 4 describes a specific example of the
display switching control unit 6 in Embodiment 1. In an
ultrasonic diagnostic device of this embodiment, the prede-
termined switching factor is whether the probe is in contact
with the subject body. Moreover, the detected information on
the presence or absence of contact between the probe and the
subject body is used as the display switching information.
Specifically, when the operator removes the probe 1 from the
subject body to make settings, the setting image is displayed,
assuming that the operator will perform a setting operation.
On the other hand, when the operator places the probe 1 in
contact with the subject body, the diagnostic image is dis-
played, assuming that the operator will perform a diagnostic
operation.

[0051] FIG.5isablock diagram showing a configuration of
the ultrasonic diagnostic device of Embodiment 4 of the
present invention. The ultrasonic diagnostic device of this
embodiment uses a display switching control unit 6¢ instead
of'the display switching control unit 6 of the ultrasonic diag-
nostic device of Embodiment 1. The other components of the
ultrasonic diagnostic device of this embodiment are the same
as those of the ultrasonic diagnostic device of Embodiment 1.
The same components as those of Embodiment 1 are denoted
by the same reference numerals, and the explanation will not
be repeated.

[0052] A display switching recognition unit 18¢ of the dis-
play switching control unit 6¢ has an image judgment unit 23
that analyzes the echo data from the transmission/reception
unit 2. The image judgment unit 23 includes, e.g., an image
storage unit 24 and an image analysis unit 25, and outputs a
display switching signal.

[0053] The image storage unit 24 stores the echo data from
the transmission/reception unit 2 in chronological order. The
image analysis unit 25 reads the echo data from the image
storage unit 24 in chronological order. Based on the echo data
from the transmission/reception unit 2, the image analysis
unit 25 analyzes whether the ultrasonic waves emitted from
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the probe 1 are radiated through the air. The results of the
analysis correspond to the display switching information in
Embodiment 1. The state where the ultrasonic waves are
radiated through the air means that the probe 1 is separated
from the subject body. When the echo signal is obtained from
the ultrasonic waves that are radiated through the air, the
signals for each of the acoustic lines are attenuated uniformly
in the depth direction. In other words, the image analysis unit
25 analyzes whether the signals for each of the acoustic lines
are attenuated uniformly in the depth direction, and thus can
judge whether the ultrasonic waves are radiated through the
air.

[0054] The display switching recognition unit 18¢ recog-
nizes that the display switching condition for the change from
the diagnostic image to the setting image is satisfied when the
image judgment unit 23 detects radiation of the ultrasonic
waves through the air, and then notifies the display switching
notification unit 19 of this fact. The display switching notifi-
cation unit 19 transmits a display switching signal indicating
the display of the setting image to the display control unit 4.
Moreover, the display switching recognition unit 18¢ recog-
nizes that the display switching condition for the change from
the setting image to the diagnostic image is satisfied when the
image judgment unit 23 detects that there is no radiation of the
ultrasonic waves through the air, and then notifies the display
switching notification unit 19 of this fact. The display switch-
ing notification unit 19 transmits a display switching signal
indicating the display of the diagnostic image to the display
control unit 4.

[0055] Next, the operation of the ultrasonic diagnostic
device having the above configuration of this embodiment
will be described. The transmission/reception unit 2 controls
the information about the transmission of the ultrasonic
waves and transmits a transmission signal to the probe 1. The
probe 1 is driven by the transmission signal and transmits
ultrasonic waves to the subject body. Moreover, the probe 1
receives the reflected waves from the subject body and trans-
mits a reception signal to the transmission/reception unit 2.
The transmission/reception unit 2 performs the delay addition
on the reception signal to generate an echo signal and trans-
mits the echo signal to the image generation unit 3. The image
generation unit 3 generates ultrasonic image data from the
echo signal and transmits the ultrasonic image data to the
display control unit 4.

[0056] When the operator interrupts the scanning operation
and removes the probe 1 from the subject body, the probe 1
receives the reflected waves of the ultrasonic waves that are
radiated through the air. The transmission/reception unit 2
converts the reception signal into an echo signal, and the echo
signal is stored in the image storage unit 24. The image
analysis unit 25 judges that the echo signal is obtained from
the ultrasonic waves that are radiated through the air. Then,
the display switching recognition unit 18¢ notifies the display
switching notification unit 19 that the display switching con-
dition for the display of the setting image is satisfied. The
display switching notification unit 19 transmits a display
switching signal indicating the display of the setting image to
the display control unit 4. Upon reception of the display
switching signal, the display control unit 4 instructs the dis-
play unit 5 to change the diagnostic image to the setting
image.

[0057] When the operator restarts the scanning operation
and places the probe 1 in contact with the subject body, the
probe 1 receives the reflected waves that are reflected from the
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subject body. The transmission/reception unit 2 converts the
reception signal into an echo signal, and the echo signal is
stored in the image storage unit 24. The image analysis unit 25
judges that the echo signal is obtained while the subject body
is being examined. Then, the display switching recognition
unit 18¢ notifies the display switching notification unit 19 that
the display switching condition for the display of the diag-
nostic image is satisfied. The display switching notification
unit 19 transmits a display switching signal indicating the
display of the diagnostic image to the display control unit 4.
Upon reception of the display switching signal, the display
control unit 4 instructs the display unit 5 to change the setting
image to the diagnostic image.

[0058] Asdescribed above, the ultrasonic diagnostic device
of this embodiment makes a judgment as to whether the
operator places the probe 1 in contact with the subject body.
Consequently, the diagnostic image is displayed when the
probe 1 is in contact with the subject body, and the setting
image is displayed when the probe 1 is not in contact with the
subject body. Therefore, the operator can examine the subject
body without any need to consciously change the settings of
the display image.

[0059] Inthis embodiment, since the contact of the probe 1
with the subject body is used as the predetermined switching
factor, the image judgment unit 23 performs the image analy-
sis using the echo signal from the transmission/reception unit
2. However, the image judgment unit 23 may perform the
image analysis using the ultrasonic image data from the
image generation unit 3.

[0060] In this embodiment, the display switching is per-
formed by judging whether the ultrasonic waves are radiated
through the air. However, the display switching condition is
not particularly limited as long as it can be determined using
the echo signal or the ultrasonic image data.

Embodiment 5

[0061] Embodiment 5 describes a specific example of the
display switching control unit 6 in Embodiment 1. In an
ultrasonic diagnostic device of this embodiment, the prede-
termined switching factor is an operational history. More-
over, the results of workflow analysis based on the operational
history are used as the display switching information. Spe-
cifically, the display switching between the diagnostic image
and the setting image is controlled by estimating whether the
operator is examining the subject body or setting the ultra-
sonic diagnostic device based on the results of the workflow
analysis.

[0062] FIG. 6is ablock diagram showing a configuration of
the ultrasonic diagnostic device of Embodiment 5 of the
present invention. The ultrasonic diagnostic device of this
embodiment uses a display switching control unit 64 instead
of'the display switching control unit 6 of the ultrasonic diag-
nostic device of Embodiment 1. The other components of the
ultrasonic diagnostic device of this embodiment are the same
as those of the ultrasonic diagnostic device of Embodiment 1.
The same components as those of Embodiment 1 are denoted
by the same reference numerals, and the explanation will not
be repeated.

[0063] A display switching recognition unit 184 of the dis-
play switching control unit 64 has a workflow analysis unit
26. The workflow analysis unit 26 receives the operational
history of the operator anytime from a history detection unit
(not shown) and decides whether the predetermined opera-
tion has been performed. The history detection unit is
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included in a system control unit (not shown). The system
control unit operates the other units constituting the system
based on all the operations performed by the operator. More-
over, the system control unit recognizes the operations of the
operator and transmits the contents of the operations (or, e.g.,
the operation ID indicating the contents) to the workflow
analysis unit 26.

[0064] Based on the results of the analysis of the opera-
tional history, the workflow analysis unit 26 detects, e.g., a
state where “the operator has not performed an operation for
a few minutes after changing the gain”, and decides whether
the operator has started or ended the scanning operation. The
display switching recognition unit 184 notifies the display
switching notification unit 19 of the results of the decision,
namely the fact that the display switching condition is satis-
fied.

[0065] Next, the operation of the ultrasonic diagnostic
device having the above configuration of this embodiment
will be described. The transmission/reception unit 2 controls
the information about the transmission of the ultrasonic
waves and transmits a transmission signal to the probe 1. The
probe 1 is driven by the transmission signal and transmits
ultrasonic waves to the subject body. Moreover, the probe 1
receives the reflected waves from the subject body and trans-
mits a reception signal to the transmission/reception unit 2.
The transmission/reception unit 2 performs the delay addition
on the reception signal to generate an echo signal and trans-
mits the echo signal to the image generation unit 3. The image
generation unit 3 generates ultrasonic image data from the
echo signal and transmits the ultrasonic image data to the
display control unit 4.

[0066] When the workflow analysis unit 26 analyzes the
operational history and decides that the operator has started
the scanning operation, i.e., recognizes that the display
switching condition is satisfied, the display switching recog-
nition unit 184 notifies the display switching notification unit
19 that the display switching condition for the display of the
diagnostic image is satisfied. The display switching notifica-
tionunit 19 transmits a display switching signal indicating the
display of the diagnostic image to the display control unit 4.
Upon reception of the display switching signal, the display
control unit 4 instructs the display unit 5 to change the setting
image to the diagnostic image.

[0067] Moreover, when the workflow analysis unit 26 ana-
lyzes the operational history and decides that the operator has
ended the scanning operation, i.e., recognizes that the display
switching condition is satisfied, the display switching recog-
nition unit 184 notifies the display switching notification unit
19 that the display switching condition for the display of the
setting image is satisfied. The display switching notification
unit 19 transmits a display switching signal indicating the
display of the setting image to the display control unit 4. Upon
reception of the display switching signal, the display control
unit 4 instructs the display unit 5 to change the diagnostic
image to the setting image.

[0068] As described above, the ultrasonic diagnostic device
of this embodiment analyzes the diagnostic operation per-
formed by the operator, and therefore can switch between the
diagnostic image and the setting image without the need for
the operator to consciously change the settings. Thus, not
only the visibility of the image but also the operability is
improved, so that the time for diagnosis can be reduced.
[0069] In this embodiment, the workflow analysis unit 26
decides whether the particular operation has been performed.
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However, the display state may be switched based on another
operation such as the detection of time. For example, the
workflow of diagnosis is input in advance, and the display
image can be switched at a predetermined time.

[0070] Alternatively, the operator may set the operation by
which the workflow analysis unit 26 decides to perform the
display switching.

[0071] Each of the above Embodiments 1 to 5 provides an
overview of the configuration and operation of the ultrasonic
diagnostic device by changing the various switching factors
for generating the display switching signal in the display
switching control unit (see FIG. 2). The display switching
factor may be either a single type such as a signal from the
timer or the sensor, or a combination of two or more types of
these switching factors. In each of the above embodiments,
the diagnostic image and the setting image are switched.
However, other types of images also can be switched.

INDUSTRIAL APPLICABILITY

[0072] The present invention has the effect of switching the
display states of the ultrasonic image and the various setting
items without the need for the operator to consciously per-
form an operation, and is useful as an ultrasonic diagnostic
device that places importance on visibility, operability, and a
reduction in time for diagnosis.

DESCRIPTION OF REFERENCE NUMERALS

[0073] 1 Probe

[0074] 2 Transmission/reception unit

[0075] 3 Image generation unit

[0076] 4 Display control unit

[0077] 5 Display unit

[0078] 6, 6a-6d Display switching control unit
[0079] 11 Transducer

[0080] 12 Detection processing unit

[0081] 13 Sampling processing unit

[0082] 14 Filtering processing unit

[0083] 15 Coordinate transformation unit
[0084] 16 Display state control unit

[0085] 17 Synthetic image generation unit
[0086] 18, 18a-18d Display switching recognition unit
[0087] 19 Display switching notification unit
[0088] 21 Timer

[0089] 22 Sensor

[0090] 23 Image judgment unit

[0091] 24 Image storage unit

[0092] 25 Image analysis unit

[0093] 26 Workflow analysis unit

[0094] 31 Setting image

[0095] 32 Diagnostic image

[0096] 33 Various setting items

1. An ultrasonic diagnostic device comprising:

a transmission/reception unit that generates an echo signal
from a reception signal transmitted from a probe that
receives ultrasonic waves;

an image generation unit that generates ultrasonic image
data from the echo signal,;

a display control unit that outputs the ultrasonic image data
or synthetic image data obtained by synthesizing various
setting items and an ultrasonic image based on the ultra-
sonic image data; and
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a display unit that displays the ultrasonic image data as an
ultrasonic image or the synthetic image data as a syn-
thetic image,

wherein the ultrasonic diagnostic device further comprises
a display switching control unit that analyzes a prede-
termined switching factor, and outputs a display switch-
ing signal to the display control unit when the display
switching control unit recognizes that a display switch-
ing condition for switching of an image to be displayed
on the display unit between the ultrasonic image and the
synthetic image is satisfied, and

wherein the display control unit switches the image to be
displayed on the display unit based on the display
switching signal.

2. The ultrasonic diagnostic device according to claim 1,
wherein the display switching control unit includes a timer
that resets an elapsed time, which is the predetermined
switching factor, when an operator performs a predetermined
operation in a diagnostic operation, and

the display switching control unit outputs the display
switching signal indicating display of the ultrasonic
image to the display control unit when the elapsed time
is not less than a predetermined value as the display
switching condition.

3. The ultrasonic diagnostic device according to claim 2,
wherein the timer has an elapsed time setting portion that
allows the operator to set the predetermined value of the
timer.

4. The ultrasonic diagnostic device according to claim 1,
wherein the display switching control unit analyzes a signal
from a sensor, and outputs the display switching signal.

5. The ultrasonic diagnostic device according to claim 4,
wherein the display switching control unit includes a sensor
that measures a distance between the ultrasonic diagnostic
device and an operator, which is the predetermined switching
factor, and

the display switching control unit analyzes the distance
measured by the sensor, and outputs the display switch-
ing signal indicating display of the synthetic image to
the display control unit when the distance measured by
the sensor is less than a predetermined distance as the
display switching condition, and also outputs the display
switching signal indicating display of the ultrasonic
image to the display control unit when the distance mea-
sured by the sensor is not less than the predetermined
distance as the display switching condition.

6. The ultrasonic diagnostic device according to claim 4,

wherein the display switching control unit includes a line-of-

Jul. 5,2012

sight sensor that detects a line-of-sight of an operator, which
is the predetermined switching factor, and

the display switching control unit analyzes the line-of-

sight of the operator detected by the line-of-sight sensor,
and outputs the display switching signal based on results
of the analysis.

7. The ultrasonic diagnostic device according to claim 4,
wherein the display switching control unit includes an accel-
eration sensor that detects a movement of the probe, which is
the predetermined switching factor, and

the display switching control unit analyzes the movement

of the probe detected by the acceleration sensor, and
outputs the display switching signal based on results of
the analysis.

8. The ultrasonic diagnostic device according to claim 1,
wherein the display switching control unit analyzes the echo
signal from the transmission/reception unit or the ultrasonic
image data from the image generation unit, and outputs the
display switching signal based on results of the analysis.

9. The ultrasonic diagnostic device according to claim 8,
wherein the display switching control unit analyzes the echo
signal from the transmission/reception unit or the ultrasonic
image data from the image generation unit, and outputs the
display switching signal indicating display of the synthetic
image to the display control unit when the display switching
control unit judges that the ultrasonic waves are radiated
through air as the display switching condition, and also out-
puts the display switching signal indicating display of the
ultrasonic image to the display control unit when the display
switching control unit judges that the ultrasonic waves are not
radiated through air as the display switching condition.

10. The ultrasonic diagnostic device according to claim 1,
wherein the display switching control unit includes a work-
flow analysis unit that analyzes an operational history, which
is the predetermined switching factor, and

the display switching control unit outputs the display

switching signal to the display control unit based on
results of the analysis of the workflow analysis unit.

11. The ultrasonic diagnostic device according to claim 10,
wherein the display switching control unit has an operation
setting portion that can set an operation that is analyzed as the
display switching condition by the workflow analysis unit.

12. The ultrasonic diagnostic device according to claim 1,
wherein the display switching control unit allows an operator
to setan operation by which the display switching control unit
decides to perform display switching.
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