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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.

[0004] EP 1614 386 A1 discloses an ultrasound diag-
nostic apparatus having an ultrasound probe, animaging
unit and a probe state determining unit. When it is judged
that the probe is left in the air, the frame rate is reduced.

SUMMARY OF THE INVENTION

[0005] 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.

[0006] The invention has been made in order to solve
the problems of the related art and an object of the in-
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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-
fore the imaging part is changed in a case in which the
imaging part is changed.

[0007] An ultrasound diagnostic apparatus according
to the invention comprises

[0008] 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.

[0009] 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.
[0010] 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.
[0011] 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
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.

[0012] 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
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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.

[0013] 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.
[0014] According to the invention, there is provided a
method for controlling an ultrasound diagnostic appara-
tus including an ultrasound probe. The method compris-
es the steps defined in claim 8.

[0015] 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
[0016]

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-
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. 9 is a block diagram illustrating the configuration
of an ultrasound diagnostic apparatus according to
Embodiment 3.

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

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0017] Hereinafter, embodiments of the invention will
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be described with reference to the accompanying draw-
ings.

Embodiment 1

[0018] 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.
[0019] 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.

[0020] 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.

[0021] 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.
[0022] The arraytransducer 1A of the ultrasound probe
1 includes a plurality of ultrasound transducers that are
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).

[0023] 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
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signal. The electric signal is output as a received ultra-
sound signal.

[0024] 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 set ultrasound 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.

[0025] 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.
[0026] 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.

[0027] 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
signals with the A/D conversion unit 19 to generate digital
received data.

[0028] 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.

[0029] TheB-mode processingunit 9 of theimage 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, asillustrated 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
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narrowed is generated by the reception focusing process.
[0030] 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.
[0031] 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).

[0032] 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.
[0033] 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.

[0034] 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.
[0035] 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.

[0036] 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
determination unit 11, and the probe state determination
unit 12 on the basis of commands input by the operator
through the operation unit 16.

[0037] 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 ofimaging parts of the subject in 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.

[0038] 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.

[0039] The storage unit 17 stores, for example, an op-
eration program. For example, a recording medium, such
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as a hard disk, a flexible disk, an MO, an MT, a RAM, a
CD-ROM, aDVD-ROM, an SD card, a CF card, ora USB
memory, or a server may be used as the storage unit 17.
[0040] Here, a part determination method in the part
determination unit 11 will be described.

[0041] 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.

[0042] 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).

[0043] 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 thatthe captured imaging partis the rightabdomen
with the highest similarity score is obtained.

[0044] 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.
[0045] 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.

[0046] 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-
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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.

[0047] 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.

[0048] 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.

[0049] 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.
[0050] 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 that the 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.

[0051] 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
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probe state determination unit 12 may determine the
state of the ultrasound probe 1, using a matching tech-
nique such as template matching.

[0052] 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.

[0053] 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

[0054] 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.

(2) Image Dynamic Range

[0055] The average brightness of each region 23, the
average brightness of the entire screen, or the dynamic
range of the entire screen s 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

[0056] A gradation curveis 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

[0057] Thedegree of sharpness enhancement, the de-
gree of speckle reduction, and the degree of edge en-
hancement are set to 0 (no enhancement is performed).
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(5) Display Depth of Image

[0058] The display depth of an image is set to an in-
termediate value of the maximum depth.

(6) Focal Position of Image

[0059] The focal position of an image is set to the mid-
dle of the display depth of the image.

(7) Image Transmission Frequency

[0060] The image transmission frequency is set to an
intermediate frequency of the transmission band of the
array transducer 1A of the ultrasound probe 1.

[0061] Next, the operation of Embodiment 1 will be de-
scribed with reference to the flowchartillustrated in Fig. 7.
[0062] 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.

[0063] 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.

[0064] 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-
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.

[0065] 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.
[0066] 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
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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.

[0067] 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.

[0068] 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.

[0069] 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.

[0070] Then, in a case in which 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 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.

[0071] 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.
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[0072] 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.

[0073] 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.

[0074] 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.

[0075] 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-
hancement and the degree of speckle reduction from the
imaging conditions for each part to conditions common
to all of the imaging parts.

[0076] 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.

[0077] Forexample,ina case in which the value of the
gainintheimaging 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.
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[0078] With this 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

[0079] 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.

[0080] 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.

[0081] 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
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.

[0082] 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.

[0083] 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

[0084] Fig. 9 illustrates the configuration of an ultra-
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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.
[0085] 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.

[0086] 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.

[0087] 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.

[0088] 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
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.

[0089] 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 theimaging part and to set the imaging conditions
for part determination.

[0090] 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 ofimaging 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.
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Explanation of References

[0091]

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

0o ~NO O W

Claims

1.

An ultrasound diagnostic apparatus comprising:

an ultrasound probe;

an imaging unit that transmits and receives an
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;

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

an apparatus control unit that changes the im-
aging conditions to imaging conditions for part
determination which are common to a plurality
ofimaging parts of the subject 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 that the ultrasound image is generated
using the changed imaging conditions.

2. The ultrasound diagnostic apparatus according to

claim 1, further comprising:
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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 the plurality of the imaging
parts and the imaging conditions for part deter-
mination which are common to the plurality of
the 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
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
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state for a predetermined set number of frames.

6. The ultrasound diagnostic apparatus according to

any one of claims 1 to 4,

wherein the ultrasound probe includes a motion
sensor that detects an amount of movement of
the ultrasound probe, and

the apparatus control unit 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 the amount of movement of the ultrasound
probe detected by the motion sensor is equal to
orgreater than a predetermined threshold value.

7. The ultrasound diagnostic apparatus according to

any one of claims 1 to 6,

wherein the imaging unit includes a transmit-
ting/receiving unit that transmits and receives
the ultrasound beam according to ultrasound
beam scanning conditions and an image gener-
ation unit that generates the ultrasound image
from the received signal according to ultrasound
image generation conditions, and

the imaging conditions include the ultrasound
beam scanning conditions and the ultrasound
image generation conditions.

8. 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
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 to im-
aging conditions for part determination which
are common to a plurality of imaging parts of the
subject 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.

9. The method for controlling an ultrasound diagnostic

apparatus according to claim 8, further comprising:

a step of determining an imaging part of the sub-
ject using the ultrasound image,
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10

10.

1.

12.

13.

wherein determination of the imaging part is not
performed in a case in which it is determined
that the ultrasound probe is in the aerial emis-
sion state and the determination of the imaging
part is performed in a case in which it is deter-
mined that the ultrasound probe has been
changed from the aerial emission state to the
contact state with the subject.

The method for controlling an ultrasound diagnostic
apparatus according to claim 9,

wherein a plurality ofimaging conditions for each
part which are set for each of the plurality of the
imaging parts and the imaging conditions for part
determination which are common to the plurality
of the imaging parts are stored,

wherein the ultrasound image is generated us-
ing the imaging conditions for part determination
in a case in which it is determined that the ultra-
sound probe has been changed from the contact
state with the subject to the aerial emission
state, an imaging condition for each part corre-
sponding to a determination result of theimaging
partis selected from the plurality ofimaging con-
ditions for each part in a case in which the de-
termination of the imaging part has been com-
pleted, and the ultrasound image is generated
using the selected imaging condition for each
part.

The method for controlling an ultrasound diagnostic
apparatus according to claim 10,

wherein the imaging conditions are gradually
changed from the imaging conditions for part deter-
mination to the selected imaging condition for each
part in a case in which the part determination has
been completed.

The method for controlling an ultrasound diagnostic
apparatus according to any one of claims 8-11,
wherein the imaging conditions are changed 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 that the
ultrasound probe is maintained in the aerial emission
state for a predetermined set number of frames.

The method for controlling an ultrasound diagnostic
apparatus according to any one of claims 8-11,

wherein an amount of movement of the ultra-
sound probe is detected, and

the imaging conditions are changed 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 the
amount of movement of the ultrasound probe
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detected is equal to or greater than a predeter-
mined threshold value.

14. The method for controlling an ultrasound diagnostic

apparatus according to any one of claims 8-13,
wherein the imaging conditions include ultrasound
beam scanning conditions used to transmit and re-
ceive the ultrasound beam and ultrasound image
generation conditions used to generate the ultra-
sound image from the received signal.

Patentanspriiche

Ultraschalldiagnosevorrichtung, umfassend:

eine Ultraschallsonde;

eine Bildgebungseinheit, die mit Hilfe der Ultra-
schallsonde einen Ultraschall - strahl auf ein
Subjekt sendet und von dem Subjekt empfangt,
und die ein von der Ultraschallsonde ausgege-
benes empfangenes Signal in ein Bild umwan-
delt, um ein Ultraschallbild des Subjekts zu er-
zeugen in Abhangigkeit von eingestellten Bild-
gebungsbedingungen;

eine Sondenzustand-Bestimmungseinheit, die
bestimmt, ob sich die Ultra - schallsonde in ei-
nem Luftemissionszustand oder einem Kontakt-
zustand mit dem Subjekt befindet;

gekennzeichnet durch

eine Vorrichtungssteuereinheit, die die Bildge-
bungsbedingungen auf Bildge - bungsbedingungen
fur eine Teilbestimmung andert, die mehreren Ab-
bildungstei - len des Subjekts gemeinsam sind, falls
die Sondenzustand-Bestimmungseinheit bestimmt,
dass die Ultraschallsonde aus dem Kontaktzustand
mit dem Subjekt in den Luftemissionszustand ge-
wechselt ist, und die Bildgebungseinheit derart steu
- ert, dass das Ultraschallbild unter Verwendung der
geanderten Bildgebungsbe - dingungen erzeugt
wird.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
weiterhin umfassend:

eine Teilbestimmungseinheit, die einen Abbil-
dungsteil des Subjekts unter Verwendung des
von der Bildgebungseinheit erzeugten Ultra-
schallbilds bestimmt,

wobei die Vorrichtungsteuereinheit die Teilbe-
stimmungseinheit derart steuert, dass eine Teil-
bestimmung dann nicht ausgefihrt wird, wenn
die Sondenzustand-Bestimmungseinheit be-
stimmt, dass die Ultraschallsonde sich in dem
Luftemissi - onszustand befindet, und die Teil-
bestimmung dann ausgefiihrt wird, wenn die
Sondenzustand-Bestimmungseinheit be-
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1"

stimmt, dass die Ultraschallsonde von dem Luf-
temissionszustand in den Kontaktzustand mit
dem Subjekt gewechselt hat.

Ultraschalldiagnosevorrichtung nach Anspruch 2,
weiterhin umfassend:

einen Bildgebungsbedingungsspeicher, der
mehrere Bildgebungsbedingun - gen fiir jeden
Teil speichert, eingestellt fir jeden der mehreren
Abbildungsteile, ferner die Bildgebungsbedin-
gungen fir die Teilbestimmung, die fir die meh-
reren Abbildungsteile gemeinsam sind,

wobei die Vorrichtungssteuereinheit die Bildge-
bungseinheit derart steuert, dass das Ultra-
schallbild erzeugt wird unter Verwendung der
Bildgebungsbedin - gungen fir Teilbestim-
mung, die in dem Bildgebungsbedingungsspei-
cher gespei - chert sind, falls die Sondenzu-
stand-Bestimmungseinheit bestimmt, dass die
Ultra - schallsonde aus dem Kontaktzustand mit
dem Subjekt in den Luftemissionszu - stand ge-
wechselt hat, eine Bildgebungsbedingung fiir je-
den Teil entsprechend ei - nem Bestimmungs-
ergebnis der Teilbestimmungseinheit aus den
mehreren Bild - gebungsbedingungen fiir jeden
Teil, wie sie in dem Bildgebungsbedingungsspei
- eher gespeichert sind, dann auswabhlt, wenn
die Teilbestimmung durch die Teilbe - stim-
mungseinheit abgeschlossen hat, und die Bild-
gebungseinheit derart steuert, dass das Ultra-
schallbild unter der ausgewahlten Bildgebungs-
bedingung fiir jeden Teil erzeugt wird.

Ultraschalldiagnosevorrichtung nach Anspruch 3,
bei der die Vorrichtungsteuereinheit die Bildge-
bungsbedingungen von den Bildgebungsbedingun-
gen fur Teilbestimmung in die ausgewabhlte Bildge-
bungsbe - dingung fiir jeden Teil allmahlich andert,
falls die Teilbestimmung durch die Teil - bestim-
mungseinheit abgeschlossen ist.

Ultraschalldiagnosevorrichtung nach einem der An-
spriiche 1 bis 4,

bei der die Vorrichtungssteuereinheit die Bildge-
bungsbedingungen dann, wenn die Sondenzu-
stand-Bestimmungseinheit bestimmt, dass die Ul-
traschallson - de aus dem Kontaktzustand mit dem
Subjekt in den Luftemissionszustand ge - wechselt
hat, und die Ultraschallsonde in dem Luftemissions-
zustand fir eine vor - bestimmte eingestellte Anzahl
von Einzelbildern gehalten wird, die Bildgebungs -
bedingungen andert.

Ultraschalldiagnosevorrichtung nach einem der An-
spriiche 1 bis 4,

bei der die Ultraschallsonde einen Bewegungssen-
sor hat, der einen Bewe - gungshub der Ultraschall-
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sonde nachweist, und

die Vorrichtungssteuereinheit die Bildgebungsbe-
dingungen fir den Fall &n - dert, dass die Sonden-
zustand-Bestimmungseinheit bestimmt, dass die Ul-
tra - schallsonde aus dem Kontaktzustand mit dem
Subjekt in den Luftemissionszu - stand gewechselt
hat und der Bewegungshub der Ultraschallsonde,
wie er von dem Bewegungssensor nachgewiesen
wird, gleich oder groRer als ein vorbe - stimmter
Schwellenwert ist.

Ultraschalldiagnosevorrichtung nach einem der An-
spriiche 1 bis 6,

bei der die Bildgebungseinheit eine Sende-/Emp-
fangseinheit enthalt, die den Ultraschallstrahl ge-
mafl Ultraschallstrahl-Abtastbedingungen sendet
und emp -fangt, und eine Bilderzeugungseinheit ent-
halt, die das Ultraschallbild aus dem empfangenen
Signal gemaf Ultraschallbild-Erzeugungsbedingun-
gen erzeugt, und

die Bildgebungsbedingungen die Ultraschallstrahl-
Abtastbedingungen und die Ultraschallbild-Erzeu-
gungsbedingungen enthalten.

Verfahren zum Steuern einer Ultraschalldiagnose-
vorrichtung, die eine Ultra - schallsonde enthalt, um-
fassend:

einen Schrittdes Sendens und des Empfangens
eines Ultraschallstrahls zu einem bzw. von ei-
nem Subjekt unter Verwendung der Ultraschall-
sonde, und des Umwandeins eines von der Ul-
traschallsonde ausgegebenen, empfangenen
Si - gnals in ein Bild, um ein Ultraschallbild des
Subjekts gemaf eingestellten Bildge - bungs-
bedingungen zu erzeugen;

einen Schritt des Bestimmens, ob die Ultra-
schallsonde sich in einem Luftemissionszu-
stand oder einem Kontaktzustand mit dem Sub-
jekt befindet; und

einen Schritt des Anderns der Bildgebungsbe-
dingungen in Bildgebungsbedin - gungen fir
Teilbestimmung, die mehreren Abbildungstei-
len des Subjekts gemein - sam sind, falls be-
stimmt wird, dass die Ultraschallsonde aus dem
Kontaktzustand mit dem Subjekt in den Lufte-
missionszustand geandert wurde, und des Er-
zeu - gens des Ultraschallbilds unter Verwen-
dung der geanderten Bildgebungsbedin - gun-
gen.

9. Verfahren zum Steuern einer Ultraschalldiagnose-

vorrichtung nach Anspruch 8, weiterhin umfassend:

einen Schritt des Bestimmens eines Abbil-
dungsteils des Subjekts unter Ver - wendung
des Ultraschallbilds,

wobei die Bestimmung des Abbildungsteils
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1.

12.

13.
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dannnichtausgefihrt wird, wenn bestimmtwird,
dass die Ultraschallsonde sich in dem Luftemis-
sionszustand befin - det, und die Bestimmung
des Abbildungsteils dann ausgefiihrt wird, wenn
be - stimmt wird, dass die Ultraschallsonde aus
dem Luftemissionszustand in den Kontaktzu-
stand mit dem Subjekt gewechselt hat.

Verfahren zum Steuern einer Ultraschalldiagnose-
vorrichtung nach Anspruch 9,

bei dem mehrere Bildgebungsbedingungen fiir je-
den Teil, die fiir jeden der mehreren der Abbildungs-
teile eingestellt sind, und die Bildgebungsbedingun-
gen flr Teilbestimmung, die den mehreren Abbil-
dungsteilen gemeinsam sind, gespei - chert werden,
wobei das Ultraschallbild erzeugt wird unter Verwen-
dung der Bildgebungsbe - dingungen fiir Teilbestim-
mung, falls bestimmt wird, dass die Ultraschallsonde
aus dem Kontaktzustand mitdem Subjektin den Luf-
temissionszustand gewechselt hat,

eine Bildgebungsbedingung fiir jeden Teil entspre-
chend einem Bestimmungs - ergebnis des Abbil-
dungsteils ausgewahlt wird aus den mehreren Bild-
gebungsbe - dingungen fiir jeden Teil, falls die Be-
stimmung des Abbildungsteils abgeschlos - sen wur-
de, und das Ultraschallbild unter Verwendung der
ausgewahlten Bildge - bungsbedingung fir jeden
Teil erzeugt wird.

Verfahren zum Steuern einer Ultraschalldiagnose-
vorrichtung nach Anspruch 10,

bei dem die Bildgebungsbedingungen aus den Bild-
gebungsbedingungen fiir Teilbestimmung allmah-
lich gedndert werden in die ausgewahlte Bildge-
bungsbe - dingung fir jeden Teil, falls die Teilbestim-
mung abgeschlossen wurde.

Verfahren zum Steuern einer Ultraschalldiagnose-
vorrichtung nach einem der Anspriiche 8 bis 11,
bei dem die Bildgebungsbedingungen geandert wer-
den, falls bestimmt wird, dass die Ultraschallsonde
aus dem Kontaktzustand mitdem Subjektin den Luf-
temissionszustand geandert wurde, und die Ultra-
schallsonde fiir eine vorbestimm - te eingestellte An-
zahl von Einzelbildern in dem Luftemissionszustand
gehalten wird.

Verfahren zum Steuern einer Ultraschalldiagnose-
vorrichtung nach einem der Anspriiche 8 bis 11,
bei dem ein Bewegungshub der Ultraschallsonde
nachgewiesen wird und

die Bildgebungsbedingungen dann geéandert wer-
den, wenn bestimmt wird, dass die Ultraschallsonde
aus dem Kontaktzustand mitdem Subjektin den Luf-
temissionszustand geandert wurde, und der nach-
gewiesene Bewegungshub der Ultraschallsonde
gleich oder groRer als ein vorbestimmter Schwellen-
wert ist.
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14. Verfahren zum Steuern einer Ultraschalldiagnose-

vorrichtung nach einem der Anspriiche 8 bis 13,
bei dem die Bildgebungsbedingungen Ultraschall-
strahl-Abtastbedingungen enthalten, benutzt zum
Senden und zum Empfangen des Ultraschallstrahls,
fer - ner Ultraschallbild-Erzeugungsbedingungen,
verwendet zum Erzeugen des Ultra - schallbilds aus
dem empfangenen Signal.

Revendications

Appareil de diagnostic a ultrasons, comprenant :

une sonde a ultrasons ;

une unité d’imagerie, laquelle transmet et recgoit
un faisceau ultrasonore en direction et en pro-
venance d’un sujet a I'aide de la sonde a ultra-
sons et convertit un signal regu produit a partir
de la sonde a ultrasons en une image afin de
générer une image ultrasonore du sujet, confor-
mément a des conditions d’imagerie fixées ;
une unité de détermination d’état de sonde, la-
quelle détermine sila sonde a ultrasons estdans
un état d’émission aérienne ou un état de con-
tact avec le sujet, caractérisé par

une unité de commande d’appareil, laquelle mo-
difie les conditions d’'imagerie en conditions
d’'imagerie pour une détermination de partie,
lesquelles sont communes a une pluralité de
parties d'imagerie du sujetdans un cas ou 'unité
de détermination d’état de sonde détermine que
la sonde a ultrasons a été passée de I'état de
contact avec le sujet a I'état d’émission aérien-
ne, etcommande 'unité d’'imagerie de telle sorte
que I'image ultrasonore estgénérée a l'aide des
conditions d’'imagerie modifiées.

2. Appareil de diagnostic a ultrasons selon la revendi-

cation 1, comprenant en outre :

une unité de détermination de partie, laquelle
détermine une partie d'imagerie du sujeta l'aide
del'image ultrasonore générée par 'unité d’ima-
gerie,

dans lequel l'unité de commande d’appareil
commande l'unité de détermination de partie de
telle sorte que la détermination de partie n’est
pas réalisée dans un cas ou I'unité de détermi-
nation d’état de sonde détermine que la sonde
a ultrasons est dans I'état d’émission aérienne,
et la détermination de partie est réalisée dans
un cas ou 'unité de détermination d’état de son-
de détermine que lasonde a ultrasons a été pas-
sée de I'état d’émission aérienne a I'état de con-
tact avec le sujet.

3. Appareil de diagnostic a ultrasons selon la revendi-
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cation 2, comprenant en outre :

une mémoire de conditions d'imagerie, laquelle
stocke une pluralité de conditions d’imagerie
pour chaque partie, lesquelles sont fixées pour
chacune de la pluralité de parties d’imagerie, et
les conditions d’imagerie pour une détermina-
tion de partie, lesquelles sont communes a la
pluralité des parties d’imagerie,

dans lequel l'unité de commande d’appareil
commande l'unité d’imagerie de telle sorte que
I'image ultrasonore estgénérée al’'aide des con-
ditions d’'imagerie pour une détermination de
partie stockées dans la mémoire de conditions
d’'imagerie dans un cas ou I'unité de détermina-
tion d’état de sonde détermine que la sonde a
ultrasons a été passée de I'état de contact avec
le sujet a I'état d’émission aérienne, sélectionne
une condition d'imagerie pour chaque partie cor-
respondant a un résultat de détermination de
I'unité de détermination de partie parmi la plu-
ralité de conditions d’imagerie pour chaque par-
tie stockée dans lamémoire de conditions d’'ima-
gerie dans un cas ou la détermination de partie
par l'unité de détermination de partie a été ache-
vée, etcommande I'unité d’imagerie de telle sor-
te que l'image ultrasonore est générée a l'aide
de la condition d’imagerie sélectionnée pour
chaque partie.

Appareil de diagnostic a ultrasons selon la revendi-
cation 3,

dans lequel I'unité de commande d’appareil passe
de maniére graduelle les conditions d’imagerie des
conditions d’imagerie pour une détermination de
partie a la condition d'imagerie sélectionnée pour
chaque partie dans un cas ou la détermination de
partie par l'unité de détermination de partie a été
achevée.

Appareil de diagnostic a ultrasons selon I'une quel-
conque des revendications 1 a 4,

dans lequel I'unité de commande d’appareil modifie
les conditions d’imagerie dans un cas ou l'unité de
détermination d’état de sonde détermine que la son-
de a ultrasons a été passée de I'état de contact avec
le sujet a I'état d’émission aérienne, et que la sonde
a ultrasons est maintenue dans I'état d’émission aé-
rienne pour un nombre fixe et prédéterminé de tra-
mes.

Appareil de diagnostic a ultrasons selon I'une quel-
conque des revendications 1 a 4,

dans lequel la sonde a ultrasons inclut un capteur
de mouvement, lequel détecte une quantité de mou-
vement de la sonde a ultrasons, et

I'unité de commande d’appareil modifie les condi-
tions d’'imagerie dans un cas ou l'unité de détermi-
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nation d’état de sonde détermine que la sonde a ul-
trasons a été passée de I'état de contact avec le
sujet a I'état d’émission aérienne, et que la quantité
de mouvement de la sonde a ultrasons détectée par
le capteur de mouvement est supérieure ou égale a
une valeur seuil prédéterminée.

Appareil de diagnostic a ultrasons selon l'une quel-
conque des revendications 1 a 6,

dans lequel l'unité d'imagerie inclut une unité de
transmission/réception, laquelle transmet et recoit le
faisceau ultrasonore conformément a des conditions
de balayage de faisceau ultrasonore, et une unité
de génération d’'image géneére 'image ultrasonore a
partir du signal recu conformément a des conditions
de génération d’'image ultrasonore, et

les conditions d’imagerie incluent les conditions de
balayage de faisceau ultrasonore et les conditions
de génération d’'image ultrasonore.

Procédé destiné a commander un appareil de dia-
gnostic a ultrasons incluant une sonde a ultrasons,
le procédé comprenant les étapes suivantes :

une étape pour transmettre et recevoir un fais-
ceau ultrasonore en direction et en provenance
d’'un sujet a l'aide de la sonde a ultrasonsm et
convertir un signal regu produit a partir de la son-
de aultrasons en une image afin de générerune
image ultrasonore du sujet, conformémentades
conditions d’'imagerie fixées ;

une étape pour déterminer si la sonde a ultra-
sons est dans un état d’émission aérienne ou
un état de contact avec le sujet, et

une étape pour modifier les conditions d’image-
rie en conditions d’imagerie pour une détermi-
nation de partie, lesquelles sont communes a
une pluralité de parties d’'imagerie du sujet dans
un cas ou il est déterminé que la sonde a ultra-
sons a été passée de I'état de contact avec le
sujet a I'état d’émission aérienne, et générer
limage ultrasonore a l'aide des conditions
d’'imagerie modifiées.

9. Procédé destiné a commander un appareil de dia-

gnostic a ultrasons selon la revendication 8, com-
prenant en outre les étapes suivantes :

une étape pour déterminer une partie d'imagerie
du sujet a 'aide de I'image ultrasonore,

dans lequel la détermination de la partie d'ima-
gerie n'est pas réalisée dans un cas ou il est
déterminé que la sonde a ultrasons se trouve
dans l'état d’émission aérienne, et la détermi-
nation de la partie d’'imagerie est réalisée dans
un cas ou il est déterminé que la sonde a ultra-
sons a été passée de I'état d’émission aérienne
a I'état de contact avec le sujet.
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Procédé destiné a commander un appareil de dia-
gnostic a ultrasons selon la revendication 9,

dans lequel une pluralité de conditions d’imagerie
pour chaque partie, lesquelles sont fixées pour cha-
cune de la pluralité des parties d'imagerie, etles con-
ditions d’imagerie pour une détermination de partie,
lesquelles sont communes a la pluralité des parties
d’'imagerie, sont stockées, et

dans lequel I'image ultrasonore est générée a 'aide
des conditions d’imagerie pour une détermination de
partie dans un cas ou il est déterminé que la sonde
a ultrasons a été passée de I'état de contact avec le
sujet a I'état d’émission aérienne, une condition
d’'imagerie pour chaque partie correspondant a un
résultat de détermination de la partie d'imagerie est
sélectionnée parmi la pluralité de conditions d’ima-
gerie pour chaque partie dans un cas ou la détermi-
nation de la partie d’imagerie a été achevée, et I'ima-
ge ultrasonore est générée a l'aide de la condition
d’'imagerie sélectionnée pour chaque partie.

Procédé destiné a commander un appareil de dia-
gnostic a ultrasons selon la revendication 10,

dans lequel les conditions d’'imagerie sont passées
de maniére graduelle des conditions d’'imagerie pour
une détermination de partie a la condition d'imagerie
sélectionnée pour chaque partie dans un cas ou la
détermination de partie a été achevée.

Procédé destiné a commander un appareil de dia-
gnostic a ultrasons selon I'une quelconque des re-
vendications 8 a 11,

dans lequel les conditions d'imagerie sont modifiées
dans un cas ou il est déterminé que la sonde a ul-
trasons a été passée de I'état de contact avec le
sujet a I'état d’émission aérienne, et que la sonde a
ultrasons est maintenue dans I'état d’amission aé-
rienne pour un nombre fixe et prédéterminé de tra-
mes.

Procédé destiné a commander un appareil de dia-
gnostic a ultrasons selon 'une quelconque des re-
vendications 8 a 11,

dans lequel une quantité de mouvement de la sonde
a ultrasons est détectée, et

les conditions d’imagerie sont modifiées dans un cas
ou il est déterminé que la sonde a ultrasons a été
passée de l'état de contact avec le sujet a I'état
d’émission aérienne, et que la quantité de mouve-
mentde lasonde a ultrasons détectée est supérieure
ou égale a une valeur seuil prédéterminée.

Procédé destiné a commander un appareil de dia-
gnostic a ultrasons selon 'une quelconque des re-
vendications 8 a 13,

dans lequel les conditions d’imagerie incluent des
conditions de balayage de faisceau ultrasonore uti-
lisées pour transmettre et recevoir le faisceau ultra-
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sonore et les conditions de génération d'image ul-
trasonore utilisées pour générer I'image ultrasonore
a partir du signal recu.
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