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DIAGNOSTIC DEVICE

(57)  Anultrasound diagnostic apparatus includes: an
ultrasound probe; an imaging unit that transmits and re-
ceives an ultrasound beam to and from a subject using
the ultrasound probe and converts a received signal out-
put from the ultrasound probe into an image to generate
an ultrasound image of the subject, according to set im-
aging conditions; a probe state determination unit that
determines whether the ultrasound probe is in an aerial
emission state or a contact state with the subject; and an
apparatus control unit that changes the imaging condi-
tions in a case in which the probe state determination
unit determines that the ultrasound probe has been
changed from the contact state with the subject to the
aerial emission state and controls the imaging unit such
thatthe ultrasound image is generated using the changed
imaging conditions.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultrasound
diagnostic apparatus and a method for controlling the
ultrasound diagnostic apparatus, and more particularly,
to an ultrasound diagnostic apparatus that performs the
transmission and reception of an ultrasound beam and
scanning according to predetermined imaging conditions
and generates an ultrasound image.

2. Description of the Related Art

[0002] In the related art, an ultrasound diagnostic ap-
paratus using an ultrasound image has been put to prac-
tical use in the medical field. In general, in this type of
ultrasound diagnostic apparatus, an ultrasound probe
provided with an array transducer scans a subject with
an ultrasound beam and receives ultrasound echoes
from the subject and the received signal is electrically
processed to generate an ultrasound image.

[0003] Inacase in which the ultrasound diagnostic ap-
paratus is used to diagnose a plurality of imaging parts
of the subject, appropriate imaging conditions vary de-
pending on imaging parts in order to obtain ultrasound
images suitable for diagnosis for each imaging part.
Therefore, for example, JP1992-224738A (JP-
H04-224738A) discloses an ultrasound diagnostic appa-
ratus which automatically determines an imaging part
from a generated ultrasound image, using a pattern
matching process, and sets a scanning parameter most
suitable for the imaging part on the basis of the determi-
nation result.

SUMMARY OF THE INVENTION

[0004] However, immediately after the imaging part is
changed, an ultrasound image is generated under the
imaging conditions corresponding to the imaging partim-
mediately before the change. In a case in which there is
a difference between the imaging conditions most suita-
ble for the imaging part immediately before the change
and the imaging conditions most suitable for the imaging
part after the change, part determination needs to be
performed using the ultrasound image of which the qual-
ity has been reduced since it has been generated under
the imaging conditions unsuitable for the imaging part
after the change. As a result, it is difficult to perform ac-
curate part determination.

[0005] The invention has been made in order to solve
the problems of the related art and an object of the in-
vention is to provide an ultrasound diagnostic apparatus
and a method for controlling the ultrasound diagnostic
apparatus that can obtain an ultrasound image with sta-
ble quality regardless of an imaging partimmediately be-
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fore the imaging part is changed in a case in which the
imaging part is changed.

[0006] An ultrasound diagnostic apparatus according
to the invention comprises: an ultrasound probe; an im-
aging unit that transmits and receives an ultrasound
beam to and from a subject using the ultrasound probe
and converts areceived signal output from the ultrasound
probe into an image to generate an ultrasound image of
the subject, according to set imaging conditions; a probe
state determination unit that determines whether the ul-
trasound probe is in an aerial emission state or a contact
state with the subject; and an apparatus control unit that
changes the imaging conditions in a case in which the
probe state determination unit determines that the ultra-
sound probe has been changed from the contact state
with the subject to the aerial emission state and controls
the imaging unit such that the ultrasound image is gen-
erated using the changed imaging conditions.

[0007] Preferably, the ultrasound diagnostic apparatus
further comprises a part determination unit that deter-
mines an imaging part of the subject using the ultrasound
image generated by the imaging unit. Preferably, the ap-
paratus control unit controls the part determination unit
such that part determination is not performed in a case
in which the probe state determination unit determines
that the ultrasound probe is in the aerial emission state
and the partdetermination is performedin acase inwhich
the probe state determination unit determines that the
ultrasound probe has been changed from the aerial emis-
sion state to the contact state with the subject.

[0008] Preferably, the ultrasound diagnostic apparatus
further comprises an imaging condition memory that
stores a plurality ofimaging conditions for each partwhich
are set for each of a plurality of the imaging parts and
imaging conditions for part determination which are com-
mon to the plurality of imaging parts. Preferably, the ap-
paratus control unit controls the imaging unit such that
the ultrasound image is generated using the imaging con-
ditions for part determination stored in the imaging con-
dition memory in a case in which the probe state deter-
mination unit determines that the ultrasound probe has
been changed from the contact state with the subject to
the aerial emission state, selects an imaging condition
for each part corresponding to a determination result of
the part determination unit from the plurality of imaging
conditions for each part stored in the imaging condition
memory in a case in which the part determination by the
partdetermination unit has been completed, and controls
the imaging unit such that the ultrasound image is gen-
erated using the selected imaging condition for each part.
[0009] The apparatus control unit may gradually
change the imaging conditions from the imaging condi-
tions for part determination to the selected imaging con-
dition for each part in a case in which the part determi-
nation by the part determination unithas been completed.
[0010] The apparatus control unit may change the im-
aging conditions in a case in which the probe state de-
termination unitdetermines that the ultrasound probe has



3 EP 3 338 642 A1 4

been changed from the contact state with the subject to
the aerial emission state and that the ultrasound probe
is maintained in the aerial emission state for a predeter-
mined set number of frames.

[0011] The ultrasound probe may include a motion
sensor that detects an amount of movement of the ultra-
sound probe. The apparatus control unit may change the
imaging conditions in a case in which the probe state
determination unit determines that the ultrasound probe
has been changed from the contact state with the subject
to the aerial emission state and the amount of movement
of the ultrasound probe detected by the motion sensor
is equal to or greater than a predetermined threshold
value.

[0012] The imaging unit may include a transmitting/re-
ceiving unit that transmits and receives the ultrasound
beam according to ultrasound beam scanning conditions
and an image generation unit that generates the ultra-
sound image from the received signal according to ultra-
sound image generation conditions. The imaging condi-
tions may include the ultrasound beam scanning condi-
tions and the ultrasound image generation conditions.
[0013] According to the invention, there is provided a
method for controlling an ultrasound diagnostic appara-
tus including an ultrasound probe. The method compris-
es: a step of transmitting and receiving an ultrasound
beam to and from a subject using the ultrasound probe
and converting a received signal output from the ultra-
sound probe into an image to generate an ultrasound
image of the subject, according to setimaging conditions;
a step of determining whether the ultrasound probe is in
an aerial emission state or a contact state with the sub-
ject; and a step of changing the imaging conditions in a
case in which it is determined that the ultrasound probe
has been changed from the contact state with the subject
to the aerial emission state and generating the ultrasound
image using the changed imaging conditions.

[0014] According to the invention, in a case in which it
is determined that the ultrasound probe has been
changed from the contact state with the subject to the
aerial emission state, the imaging conditions are
changed. In addition, the imaging unit is controlled such
that the ultrasound image is generated under the
changed imaging conditions. Therefore, in a case in
which the imaging partis changed, itis possible to obtain
an ultrasound image with stable quality, regardless of the
imaging part immediately before the change.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1is a block diagram illustrating the configuration
of an ultrasound diagnostic apparatus according to
Embodiment 1 of the invention.

Fig. 2 is a block diagram illustrating the internal con-
figuration of a receiving unit.

Fig. 3 is a block diagram illustrating the internal con-
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figuration of a B-mode processing unit.

Fig. 4 is a diagram illustrating a B-mode image in
Embodiment 1.

Fig. 5 is a diagram illustrating a B-mode image in
which a plurality of regions of interest are set.

Fig. 6 is a diagram illustrating a B-mode image in
which a plurality of observation points are set.

Fig. 7 is a flowchart illustrating the operation of Em-
bodiment 1.

Fig. 8 is a flowchart illustrating the operation of Em-
bodiment 2.

Fig. 9is ablock diagram illustrating the configuration
of an ultrasound diagnostic apparatus according to
Embodiment 3.

Fig. 10 is a flowchart illustrating the operation of Em-
bodiment 3.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0016] Hereinafter, embodiments of the invention will
be described with reference to the accompanying draw-
ings.

Embodiment 1

[0017] Fig. 1 illustrates the configuration of an ultra-
sound diagnostic apparatus according to Embodiment 1
of the invention. The ultrasound diagnostic apparatus in-
cludes an ultrasound probe 1 provided with an array
transducer 1A. An image generation unit 3 is connected
tothe ultrasound probe 1 through a transmitting/receiving
unit 2 and a display unit 5 is connected to the image
generation unit 3 through a display control unit 4.
[0018] The transmitting/receiving unit 2 includes a
transmitting unit 6 and a receiving unit 7 that are con-
nected to the array transducer 1A of the ultrasound probe
1 and a transmission/reception control unit 8 that is con-
nected to the transmitting unit 6 and the receiving unit 7.
The image generation unit 3 includes a B-mode process-
ing unit 9 that is connected to the receiving unit 7 of the
transmitting/receiving unit 2 and a digital scan converter
(DSC) 10 that is connected to the B-mode processing
unit 9. The display control unit 4 is connected to the DSC
10.

[0019] In addition, a part determination unit 11 and a
probe state determination unit 12 are connected to the
DSC 10 of the image generation unit 3.

[0020] Anapparatus control unit 14 is connected to the
transmission/reception control unit 8 of the transmit-
ting/receiving unit 2, the B-mode processing unit 9 and
the DSC 10 of the image generation unit 3, the display
control unit 4, the part determination unit 11, and the
probe state determination unit 12. In addition, an imaging
condition memory 15, an operation unit 16, and a storage
unit 17 are connected to the apparatus control unit 14.
[0021] The arraytransducer 1A of the ultrasound probe
1 includes a plurality of ultrasound transducers that are
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one-dimensionally or two-dimensionally arranged. Each
of the ultrasound transducers transmits ultrasonic waves
in response to a driving signal supplied from the trans-
mitting unit 6. In addition, each of the ultrasound trans-
ducers receives ultrasound echoes from a subject and
outputs a received signal. Each ultrasound transducer
is, for example, a transducer in which electrodes are
formed on both sides of a piezoelectric body made of
piezoelectric ceramic typified by lead zirconate titanate
(PZT), a polymer piezoelectric element typified by poly-
vinylidene difluoride (PVDF), or piezoelectric single crys-
tal typified by lead magnesium niobate-lead titanate
(PMN-PT).

[0022] In a case in which a pulsed voltage or a contin-
uous-wave voltage is applied to the electrodes of the
transducer, the piezoelectric body is expanded and con-
tracted and pulsed or continuous ultrasonic waves are
generated from each transducer. The ultrasonic waves
are combined to form an ultrasound beam. In addition,
each transducer receives propagated ultrasonic waves,
is expanded and contracted, and generates an electric
signal. The electric signal is output as a received ultra-
sound signal.

[0023] The transmitting/receiving unit 2 transmits and
receives an ultrasound beam according to the set ultra-
sound beam scanning conditions and the image gener-
ation unit 3 generates a B-mode image signal according
to the setultrasound image generation conditions. There-
fore, the transmitting/receiving unit 2 and the image gen-
eration unit 3 form an imaging unit. In addition, imaging
conditions for the imaging unit include the ultrasound
beam scanning conditions for the transmitting/receiving
unit 2 and the ultrasound image generation conditions
for the image generation unit 3.

[0024] Among the imaging conditions, the ultrasound
beam scanning conditions can include an ultrasound
beam transmission frequency, a focal position, and a dis-
play depth and the ultrasound image generation condi-
tions can include a sound speed, detection conditions, a
gain, adynamicrange, a gradation curve, speckle reduc-
tion intensity, and the degree of edge enhancement.
[0025] The transmitting unit 6 of the transmitting/re-
ceiving unit 2 includes, for example, a plurality of pulse
generators, adjusts the amount of delay of each driving
signal such that the ultrasonic waves transmitted from a
plurality of ultrasound transducersin the array transducer
1A form an ultrasound beam, on the basis of a transmis-
sion delay pattern selected according to a control signal
from the transmission/reception control unit 8, and sup-
plies the driving signals to the plurality of ultrasound
transducers.

[0026] As illustrated in Fig. 2, the receiving unit 7 has
a configuration in which an amplification unit 18 and an
analog/digital (A/D) conversion unit 19 are sequentially
connected in series. The receiving unit 7 amplifies the
received signals transmitted from each ultrasound trans-
ducer of the array transducer 1A with the amplification
unit 18 and performs A/D conversion for the received
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signals with the A/D conversion unit 19 to generate digital
received data.

[0027] The transmission/reception control unit 8 con-
trols the transmitting unit 6 and the receiving unit 7 on
the basis of various control signals transmitted from the
apparatus control unit 14 such that the transmission of
an ultrasound pulse to a subject and the reception of an
ultrasound echo from the subject are repeated at a pulse
repetition frequency (PRF) interval.

[0028] The B-mode processing unit9 ofthe image gen-
eration unit 3 has a configuration in which a beam former
20 and a signal processing unit 21 are sequentially con-
nected in series, as illustrated in Fig. 3. The beam former
20 applies a delay to each received data item output from
the receiving unit 7 of the transmitting/receiving unit 2
according to a sound speed or a sound speed distribution
set on the basis of a reception delay pattern selected
according to a control signal from the apparatus control
unit 14 and adds the received data to perform a reception
focusing process. A sound ray signal in which the focus
of an ultrasound echo subjected to phasing addition is
narrowed is generated by the reception focusing process.
[0029] The signal processing unit 21 corrects the at-
tenuation of the sound ray signal generated by the beam
former 20 depending on adistance according to the depth
of the reflection position of ultrasonic waves and then
performs an envelope detection process. In addition, the
signal processing unit 21 performs various types of nec-
essary image processing including a gradation process
to generate a B-mode image signal which is tomographic
image information about the issues of the subject.
[0030] The DSC 10 of the image generation unit 3 con-
verts the B-mode image signal generated by the signal
processing unit 21 into an image signal based on a gen-
eral television signal scanning system (raster conver-
sion).

[0031] The display control unit 4 displays a B-mode
image on the display unit 5 on the basis of the B-mode
image signal generated by the image generation unit 3.
[0032] The display unit 5 includes a display device,
such as a liquid crystal display (LCD), and displays the
B-mode image under the control of the display control
unit 4.

[0033] The part determination unit 11 determines an
imaging part of the subject on the basis of the B-mode
image signal generated by the image generation unit 3.
[0034] The probe state determination unit 12 deter-
mines whether the ultrasound probe 1 is in a contact state
in which the ultrasound probe 1 comes into contact with
the body surface of a subject and emits ultrasonic waves
into the body of the subject or an aerial emission state in
which the ultrasound probe 1 is separated from the body
surface of the subject and emits ultrasonic waves to the
air, on the basis of the B-mode image generated by the
image generation unit 3.

[0035] The apparatus control unit 14 controls the trans-
mission/reception control unit 8, the B-mode processing
unit 9, the DSC 10, the display control unit 4, the part



7 EP 3 338 642 A1 8

determination unit 11, and the probe state determination
unit 12 on the basis of commands input by the operator
through the operation unit 16.

[0036] The imaging condition memory 15 stores a plu-
rality of imaging conditions for each part which are set
for a plurality of imaging parts of the subject and imaging
conditions for part determination which are common to
a plurality of imaging parts of the subjectin advance. The
plurality of imaging conditions for each part are used to
acquire a B-mode image suitable for diagnosing each
corresponding imaging part. In contrast, the imaging con-
ditions for part determination do not correspond to a spe-
cificimaging part, are common to all of the imaging parts,
and are used to acquire a B-mode image for accurate
part determination.

[0037] The operation unit 16 is used by the operator
to perform an input operation and may include, for ex-
ample, a keyboard, a mouse, a trackball, and a touch
panel.

[0038] The storage unit 17 stores, for example, an op-
eration program. For example, a recording medium, such
as a hard disk, a flexible disk, an MO, an MT, a RAM, a
CD-ROM, a DVD-ROM, an SD card, a CF card, ora USB
memory, or a server may be used as the storage unit 17.
[0039] Here, a part determination method in the part
determination unit 11 will be described.

[0040] Examples of the imaging part of the subject can
include the heart, the right abdomen, the left abdomen,
and the urinary bladder. Of course, the part determination
unit 11 may be configured so as to determine various
other imaging parts.

[0041] The part determination unit 11 stores the typical
pattern data of a plurality of imaging parts in advance
and calculates the similarity between the B-mode image
signal of the imaging part output from the DSC 10 of the
image generation unit 3 and each of a plurality of pattern
data items stored in advance. A known matching tech-
nique can be used to calculate the similarity. In addition
to the matching technique, for example, the following
method may be used to calculate the similarity: amachine
learning method disclosed in Csurka et al.: Visual Cate-
gorization with Bags of Keypoints, Proc. of ECCV Work-
shop on Statistical Learning in Computer Vision, pp.
59-74 (2004); or a general image recognition method us-
ing deep learning disclosed in Krizhevsk et al.: ImageNet
Classification with Deep Convolutional Neural Networks,
Advances in Neural Information Processing Systems 25,
pp. 1106-1114 (2012).

[0042] The part determination unit 11 calculates simi-
larity scores between the B-mode image signal of the
imaging part and a plurality ofimaging parts, using these
methods, and uses an imaging part with the highest sim-
ilarity score as the determination result. For example, in
a case in which the similarity score for the heart is 5, the
similarity score for the right abdomen is 10, the similarity
score for the left abdomen is 6, and the similarity score
for the urinary bladder is 3, the determination result indi-
cating that the captured imaging partis the right abdomen
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with the highest similarity score is obtained.

[0043] In this case, the following configuration may be
used: before the part is determined, the operator inputs
subject information (for example, a body type and sex)
through the operation unit 16 and pattern data used to
determine the part is changed according to the subject
information. That is, a plurality of pattern data items cor-
responding to, for example, a difference in body size and
sex are stored for each imaging part and the part is de-
termined on the basis of pattern data corresponding to
the input subject information. With this configuration, it
is possible to prevent an error in determination caused
by the difference in the body size and sex of the subject
and to improve the accuracy of determining the part.
[0044] The determination of the part by the part deter-
mination unit 11 may be performed for each display frame
of the B-mode image or may be performed for every sev-
eral frames for one imaging part.

[0045] In this embodiment, the probe state determina-
tion unit 12 determines whether the ultrasound probe 1
is in the contact state with the subject or the aerial emis-
sion state. However, the probe state determination unit
12 may analyze the B-mode image generated by the im-
age generation unit 3 to perform the determination. In
general, in a case in which the ultrasound probe 1 comes
into contact with the body surface of the subject and emits
ultrasonic waves into the body of the subject, a certain
structure, that is, a tissue of the subject is visualized in
a B-mode image 22 as illustrated in Fig. 4. However, in
a case in which the ultrasound probe 1 is separated from
the body surface of the subject and emits ultrasonic
waves to the air, no structure is visualized in the B-mode
image 22.

[0046] Therefore, it is detected whether a structure is
present or absent in the B-mode image 22 on the basis
of a brightness distribution of the B-mode image 22. In a
case in which a structure is detected in the B-mode image
22, it can be determined that the ultrasound probe 1 is
in the contact state with the subject. In a case in which
no structure is detected in the B-mode image 22, it can
be determined that the ultrasound probe 1 is in the aerial
emission state.

[0047] Specifically, asillustrated in Fig. 5, the B-mode
image 22 is divided into a plurality of regions 23. The
variance of the brightness of each region 23 or the dif-
ference between the maximum brightness and the min-
imum brightness is calculated as an index value. In a
case in which the number of regions 23 with an index
value that is equal to or greater than a predetermined set
value is equal to or greater than a predetermined thresh-
old value, the probe state determination unit 12 deter-
mines that the ultrasound probe 1 is in the contact state
with the subject. On the other hand, in a case in which
the number of regions 23 with an index value thatis equal
to or greater than the predetermined set value is less
than the predetermined threshold value, the probe state
determination unit 12 determines that the ultrasound
probe 1 is in the aerial emission state.
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[0048] In addition to the analysis based on the index
value of the brightness of each region 23, a plurality of
observation points 24 may be set in the B-mode image
22 as illustrated in Fig. 6 and the amount of movement
of each observation point 24 between frames may be
detected to determine the state of the ultrasound probe 1.
[0049] In a case in which the number of observation
points 24 of which the amount of movement between
frames is equal to or less than a set value is equal to or
greater than a predetermined threshold value, the probe
state determination unit 12 may determine thatthe move-
ment of the ultrasound probe 1 is stable and may deter-
mine whether the ultrasound probe 1 is in the contact
state with the subject or the aerial emission state on the
basis of the index value of the brightness of each region
23.

[0050] In a case in which the ultrasound probe 1 is in
the aerial emission state, it is considered that almost the
same B-mode image is acquired. Therefore, the B-mode
image in a case in which the ultrasound probe 1 is in the
aerial emission state may be stored in advance and the
probe state determination unit 12 may determine the
state of the ultrasound probe 1, using a matching tech-
nique such as template matching.

[0051] The apparatus control unit 14 controls whether
to perform part determination using the part determina-
tion unit 11, on the basis of the determination result of
the state of the ultrasound probe 1 by the probe state
determination unit 12. Thatis, in acase in which the probe
state determination unit 12 determines that the ultra-
sound probe 1 is in the aerial emission state, the appa-
ratus control unit 14 does not perform part determination.
In a case in which the probe state determination unit 12
determines that the ultrasound probe 1 has been
changed from the aerial emission state to the contact
state with the subject, the apparatus control unit 14 con-
trols the part determination unit 11 such that part deter-
mination is performed.

[0052] The imaging conditions for part determination
stored in the imaging condition memory 15 include, for
example, at least one of the following set conditions.

(1) Image Gain

[0053] The average brightness of each region 23 or
the average brightness of the entire screen is set so as
to fall within a given target range predetermined in the
ultrasound diagnostic apparatus, using the result of im-
age analysis by the probe state determination unit 12.
For example, the average brightness of the regions 23
or the average brightness of the entire screen is set be-
tween the maximum value of brightness that is 10% less
than the maximum brightness predetermined in the ul-
trasound diagnostic apparatus and the minimum value
of brightness that is 10% greater than the minimum
brightness predetermined in the ultrasound diagnostic
apparatus.
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(2) Image Dynamic Range

[0054] The average brightness of each region 23, the
average brightness of the entire screen, or the dynamic
range of the entire screen is set so as to fall within a given
target range predetermined in the ultrasound diagnostic
apparatus, using the result ofimage analysis by the probe
state determination unit 12.

(3) Gradation Curve

[0055] A gradationcurve is set such that a specific gra-
dation range is not highlighted.

(4) Degree of Sharpness Enhancement, Degree of
Speckle Reduction, and Degree of Edge Enhancement

[0056] The degree of sharpness enhancement, the de-
gree of speckle reduction, and the degree of edge en-
hancement are set to 0 (no enhancement is performed).

(5) Display Depth of Image

[0057] The display depth of an image is set to an in-
termediate value of the maximum depth.

(6) Focal Position of Image

[0058] The focal position of an image is set to the mid-
dle of the display depth of the image.

(7) Image Transmission Frequency

[0059] The image transmission frequency is set to an
intermediate frequency of the transmission band of the
array transducer 1A of the ultrasound probe 1.

[0060] Next, the operation of Embodiment 1 will be de-
scribed with reference to the flowchartillustrated in Fig. 7.
[0061] Itis assumed that, as initial settings, the appa-
ratus control unit 14 selects the imaging conditions for
partdetermination which have been stored in the imaging
condition memory 15 in advance and controls the trans-
mitting/receiving unit 2 and the image generation unit 3
such that imaging is performed according to the imaging
conditions for part determination.

[0062] First, in Step S1, the transmitting/receiving unit
2 performs the transmission and reception of an ultra-
sound beam and scanning, using the plurality of ultra-
sound transducers in the array transducer 1A of the ul-
trasound probe 1. Areceived signal from each ultrasound
transducer that has received ultrasound echoes from the
subject is output to the receiving unit 7. The receiving
unit 7 performs amplification and A/D conversion for the
received signal to generate received data.

[0063] In Step S2, the received data is input to the im-
age generation unit 3. The B-mode processing unit 9 per-
forms the reception focusing process for the received
data and the DSC 10 converts signal conversion to gen-
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erate a B-mode image signal. The B-mode image signal
is output from the image generation unit 3 to the display
control unit 4. The B-mode image is displayed on the
display unit 5.

[0064] The B-mode image signal output from the DSC
10 of the image generation unit 3 is input to the part de-
termination unit 11 and the probe state determination unit
12. In Step S3, the probe state determination unit 12 de-
termines whether the ultrasound probe 1 is in the contact
state with the subject or the aerial emission state.
[0065] In a case in which it is determined in Step S3
that the ultrasound probe 1 is not in the aerial emission
state, but is in the contact state in which the ultrasound
probe 1 comes into contact with the body surface of the
subject, in Step S4, the part determination unit 11 per-
forms part determination and the determination result is
output from the part determination unit 11 to the appara-
tus control unit 14. In this case, the imaging conditions
for part determination selected as the initial settings do
not correspond to a specific imaging part and are com-
mon to all of the imaging parts. Imaging is performed
according to the imaging conditions for part determina-
tion. Therefore, it is possible to stably acquire a B-mode
image, regardless of the imaging part. In Step S4, the
partdetermination unit 11 can perform part determination
with high accuracy.

[0066] Then, in Step S5, the apparatus control unit 14
sets the imaging conditions for each part corresponding
to the determination result of the part determination unit
11. The apparatus control unit 14 selects an imaging con-
dition for each part corresponding to the determination
result from a plurality of imaging conditions for each part
which have been stored in the imaging condition memory
15 in advance, on the basis of the determination result
input from the part determination unit 11 and controls the
transmitting/receiving unit 2 and the image generation
unit 3 such that imaging is performed on the basis of the
selected imaging condition for each part.

[0067] As such, in a state in which the imaging condi-
tion for each part corresponding to the determination re-
sult of the part determination unit 11 is set, imaging is
performed in Steps S6 and S7. That is, in Step S6, the
transmission and reception of an ultrasound beam and
scanning are performed according to the ultrasound
beam scanning condition included in the imaging condi-
tion for each part selected from the imaging condition
memory 15. In Step S7, a B-mode image signal is gen-
erated from the received signal according to the ultra-
sound image generation condition included in the select-
ed imaging condition for each part and a B-mode image
is displayed on the display unit 5.

[0068] Theimaging process in Steps S6 and S7 is con-
tinuously performed until it is determined that the ultra-
sound probe 1 has been changed from the contact state
with the subject to the aerial emission state in Step S8.
In this way, the imaging part is examined.

[0069] Then, in a case in which the probe state deter-
mination unit 12 determines that the ultrasound probe 1
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has been changed from the contact state with the subject
to the aerial emission state in Step S8, the process pro-
ceeds to Step S9 and the apparatus control unit 14 sets
the imaging conditions for part determination. That is,
since the ultrasound probe 1 has been changed from the
contact state with the subject to the aerial emission state,
the apparatus control unit 14 determines that the imaging
part has been changed, selects the imaging conditions
for part determination stored in the imaging condition
memory 15 in advance, and controls the transmitting/re-
ceiving unit 2 and the image generation unit 3 such that
imaging is performed under the selected imaging condi-
tions for part determination.

[0070] As such, in a state in which the imaging condi-
tions for part determination are set, the process returns
to Step S1. In Steps S1 and S2, imaging is performed.
Then, in a case in which it is determined in Step S3 that
the ultrasound probe 1 has been changed from the aerial
emission state to the contact state with the subject, the
process proceeds to Step S4 and the part determination
unit 11 performs part determination.

[0071] In Step S9, the imaging conditions for each part
are changed to the imaging conditions for part determi-
nation. Then, imaging is performed in Steps S1 and S2.
Therefore, the B-mode image used for part determination
in Step S4 has stable quality regardless of a new imaging
part. As a result, the part determination unit 11 can per-
form part determination with high accuracy.

[0072] In this way, whenever the probe state determi-
nation unit 12 determines that the ultrasound probe 1 has
been changed from the contact state with the subject to
the aerial emission state, the imaging conditions for part
determination are set and the part determination unit 11
performs part determination on the basis of the B-mode
image generated according to the imaging conditions for
part determination. Therefore, in a case in which the im-
aging part is changed, it is possible to obtain an ultra-
sound image with stable quality, regardless of the imag-
ing part immediately before the change, and to perform
accurate part determination.

[0073] The imaging conditions for part determination
set by the apparatus control unit 14 in Step S9 may be
adjusted according to a part determination method in the
part determination unit 11. For example, in a case in
which matching for calculating the similarity is performed
at low resolution, it is preferable that the conditions that
have a great effect on the brightness and gradation of an
image, such as a gain and a dynamic range, are changed
from the imaging conditions for each part to conditions
common to all of the imaging parts. The conditions that
have a small effect on the brightness and gradation of
animage, such as the degree of sharpness enhancement
or the degree of speckle reduction, may not be changed
and the conditions included in each imaging condition for
each part may be used without any change.

[0074] Inversely, in a case in which matching is per-
formed using, for example, a texture feature amount, it
is preferable to change the degree of sharpness en-
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hancement and the degree of speckle reduction from the
imaging conditions for each part to conditions common
to all of the imaging parts.

[0075] In a case in which the imaging conditions for
each part are set on the basis of the determination result
output from the part determination unit 11 in Step S5 after
the determination of the part by the part determination
unit 11 is completed in Step S4, the imaging conditions
for part determination during part determination may not
be immediately changed to the imaging conditions for
each part, but may be gradually changed for a plurality
of frames.

[0076] Forexample, in a case in which the value of the
gainin the imaging conditions for part determination used
during part determination is "60" and the value of the gain
in the imaging conditions for each part set after part de-
termination is "80", the value of the gain for each frame
is increased by "4" for five frames to gradually change
the imaging conditions from the imaging conditions for
part determination to the imaging conditions for each
part.

[0077] Withthis configuration, itis possible to smoothly
change image quality from a B-mode image for part de-
termination to a B-mode image for examining the imaging
part and to reduce a sense of discomfort caused by a
rapid change in image quality.

Embodiment 2

[0078] In the above-described Embodiment 1, in a
case in which the probe state determination unit 12 de-
termines that the ultrasound probe 1 has been changed
from the contact state with the subject to the aerial emis-
sion state in Step S8, the process immediately proceeds
to Step S9 and the imaging conditions for part determi-
nation are set. However, the invention is not limited there-
to.

[0079] For example, as illustrated in Fig. 8, in a case
in which the probe state determination unit 12 determines
that the ultrasound probe 1 is maintained in the aerial
emission state for a predetermined set number of frames
Nth in Step S10 after the probe state determination unit
12 determines that the ultrasound probe 1 has been
changed from the contact state with the subject to the
aerial emission state in Step S8, the process may pro-
ceed to Step S9 and the imaging conditions for part de-
termination may be set.

[0080] In a case in which the ultrasound probe 1 is
maintained in the aerial emission state for the set number
of frames Nth, the apparatus control unit 14 determines
that the operator has separated the ultrasound probe 1
from the body surface of the subject in order to change
the imaging part and sets the imaging conditions for part
determination. On the other hand, in a case in which the
ultrasound probe 1 is maintained in the aerial emission
state for only the frames whose number is less than the
set number Nth and then returned to the contact state
with the subject, the apparatus control unit 14 determines
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that the operator has instantaneously separated and lift-
ed the ultrasound probe 1 from the body surface of the
subject, without intention, during an imaging operation
for the imaging part, and uses the set imaging conditions
for each part, without any change.

[0081] With this configuration, it is possible to reliably
recognize that the ultrasound probe 1 has been changed
to the aerial emission state in order to change the imaging
part and to set the imaging conditions for part determi-
nation.

[0082] In addition, the number of frames may be di-
rectly set. For example, the set number Nth may be set
to, for example, "90". Alternatively, the following config-
uration may be used: the operator input a time of, for
example, "3 seconds" and the time is automatically con-
verted into the number of frames according to a frame
rate.

Embodiment 3

[0083] Fig. 9 illustrates the configuration of an ultra-
sound diagnostic apparatus according to Embodiment 3.
The ultrasound diagnostic apparatus differs from the ul-
trasound diagnostic apparatus according to Embodiment
1 illustrated in Fig. 1 in that the ultrasound probe 1 in-
cludes a motion sensor 1B and an apparatus control unit
14A is used instead of the apparatus control unit 14.
[0084] The motion sensor 1B detects the amount of
movement of the ultrasound probe 1. Specifically, the
motion sensor 1B is, for example, an acceleration sensor
or a posture sensor.

[0085] The apparatus control unit 14A sets the imaging
conditions for part determination in a case in which the
probe state determination unit 12 determines that the ul-
trasound probe 1 has been changed from the contact
state with the subject to the aerial emission state and the
amount of movement of the ultrasound probe 1 detected
by the motion sensor 1B is equal to or greater than a
predetermined threshold value Mth.

[0086] In Embodiment 3, as illustrated in Fig. 10, in a
caseinwhichitis determined in Step S11 thatthe amount
of movement of the ultrasound probe 1 detected by the
motion sensor 1B is equal to or greater than the prede-
termined threshold value Mth after the probe state deter-
mination unit 12 determines that the ultrasound probe 1
has been changed from the contact state with the subject
to the aerial emission state in Step S8, the process pro-
ceeds to Step S9 and the imaging conditions for part
determination are set.

[0087] In a case in which the amount of movement of
the ultrasound probe 1 is equal to or greater than the
threshold value Mth, the apparatus control unit 14 deter-
mines that the operator has intentionally separate the
ultrasound probe 1 from the body surface of the subject
and sets the imaging conditions for part determination.
In contrast, in a case in which the amount of movement
of the ultrasound probe 1 is less than the threshold value
Mth, the apparatus control unit 14 determines that the
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ultrasound probe 1 has been unintentionally changed to
the aerial emission state and the ultrasound probe 1 has
been instantaneously separated and lifted from the body
surface of the subject while the image of the imaging part
is captured and uses the set imaging conditions for each
part without any change.

[0088] With this configuration, it is possible to reliably
recognize that the ultrasound probe 1 has been inten-
tionally changed to the aerial emission state in order to
change the imaging part and to setthe imaging conditions
for part determination.

[0089] According to the invention, in a case in which
the imaging part is changed, it is possible to obtain an
ultrasound image with stable quality, regardless of the
imaging part immediately before the change. Therefore,
in a case in which a plurality of imaging parts are sequen-
tially examined in a predetermined order as in a focused
assessment with sonography for trauma (FAST) exami-
nation in critical care, it is possible to determine the part
to be examined with high accuracy.

Explanation of References
[0090]

1: ultrasound probe

1A: array transducer

1B: motion sensor

2: transmitting/receiving unit

: image generation unit

: display control unit

: display unit

: transmitting unit

: receiving unit

: transmission/reception control unit
9: B-mode processing unit

10: DSC

11: part determination unit

12: probe state determination unit
14, 14A: apparatus control unit
15: imaging condition memory
16: operation unit

17: storage unit

18: amplification unit

19: A/D conversion unit

20: beam former

21: signal processing unit

22: B-mode image

23: regions

24: observation point

o ~NO AW

Claims
1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe;
an imaging unit that transmits and receives an
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ultrasound beam to and from a subject using the
ultrasound probe and converts a received signal
output from the ultrasound probe into an image
to generate an ultrasound image of the subject,
according to set imaging conditions;

a probe state determination unit that determines
whether the ultrasound probe is in an aerial
emission state or a contact state with the sub-
ject; and

an apparatus control unit that changes the im-
aging conditions in a case in which the probe
state determination unit determines that the ul-
trasound probe has been changed from the con-
tact state with the subject to the aerial emission
state and controls the imaging unit such that the
ultrasound image is generated using the
changed imaging conditions.

2. The ultrasound diagnostic apparatus according to
claim 1, further comprising:

a part determination unit that determines an im-
aging part of the subject using the ultrasound
image generated by the imaging unit,

wherein the apparatus control unit controls the
part determination unit such that part determi-
nation is not performed in a case in which the
probe state determination unit determines that
the ultrasound probe is in the aerial emission
state and the part determination is performed in
a case in which the probe state determination
unit determines that the ultrasound probe has
been changed from the aerial emission state to
the contact state with the subject.

3. The ultrasound diagnostic apparatus according to
claim 2, further comprising:

an imaging condition memory that stores a plu-
rality of imaging conditions for each part which
are set for each of a plurality of the imaging parts
and imaging conditions for part determination
which are common to the plurality of imaging
parts,

wherein the apparatus control unit controls the
imaging unit such that the ultrasound image is
generated using the imaging conditions for part
determination stored in the imaging condition
memory in a case in which the probe state de-
termination unit determines that the ultrasound
probe has been changed from the contact state
with the subject to the aerial emission state, se-
lects an imaging condition for each part corre-
sponding to a determination result of the part
determination unit from the plurality of imaging
conditions for each part stored in the imaging
condition memory in a case in which the part
determination by the part determination unit has
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been completed, and controls the imaging unit
such that the ultrasound image is generated us-
ing the selected imaging condition for each part.

The ultrasound diagnostic apparatus according to
claim 3,

wherein the apparatus control unit gradually chang-
es the imaging conditions from the imaging condi-
tions for part determination to the selected imaging
condition for each part in a case in which the part
determination by the part determination unit has
been completed.

The ultrasound diagnostic apparatus according to
any one of claims 1 to 4,

wherein the apparatus control unit changes the im-
aging conditions in a case in which the probe state
determination unit determines that the ultrasound
probe has been changed from the contact state with
the subject to the aerial emission state and that the
ultrasound probe is maintained in the aerial emission
state for a predetermined set number of frames.

The ultrasound diagnostic apparatus according to
any one of claims 1 to 4,

wherein the ultrasound probe includes a motion sen-
sor that detects an amount of movement of the ul-
trasound probe, and

the apparatus control unit changes the imaging con-
ditions in a case in which the probe state determina-
tion unit determines that the ultrasound probe has
been changed from the contact state with the subject
to the aerial emission state and the amount of move-
ment of the ultrasound probe detected by the motion
sensor is equal to or greater than a predetermined
threshold value.

The ultrasound diagnostic apparatus according to
any one of claims 1 to 6,

wherein the imaging unit includes a transmitting/re-
ceiving unit that transmits and receives the ultra-
sound beam according to ultrasound beam scanning
conditions and an image generation unit that gener-
ates the ultrasound image from the received signal
according to ultrasound image generation condi-
tions, and

the imaging conditions include the ultrasound beam
scanning conditions and the ultrasound image gen-
eration conditions.

A method for controlling an ultrasound diagnostic ap-
paratus including an ultrasound probe, the method
comprising:

a step of transmitting and receiving an ultra-
sound beam to and from a subject using the ul-
trasound probe and converting a received signal
output from the ultrasound probe into an image
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to generate an ultrasound image of the subject,
according to set imaging conditions;

a step of determining whether the ultrasound
probe is in an aerial emission state or a contact
state with the subject; and

a step of changing the imaging conditions in a
caseinwhichitis determined that the ultrasound
probe has been changed from the contact state
with the subject to the aerial emission state and
generating the ultrasound image using the
changed imaging conditions.
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