EP 3 420 915 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 420 915 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
02.01.2019 Bulletin 2019/01

(21) Application number: 17755982.0

(22) Date of filing: 11.01.2017

(51) IntCl.:
A61B 8/14 (2006.01)

(86) International application number:
PCT/JP2017/000591

(87) International publication number:
WO 2017/145540 (31.08.2017 Gazette 2017/35)

(84) Designated Contracting States:

AL ATBE BG CH CY CZDE DKEE ES FI FRGB
GRHRHUIEISITLILT LULV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
MA MD

(30) Priority: 25.02.2016 JP 2016034610

(71) Applicant: FUJIFILM Corporation
Tokyo 106-8620 (JP)

(72) Inventor: IMAI, Yoshiro
Ashigara-kami-gun
Kanagawa 258-8538 (JP)

(74) Representative: Klunker IP
Patentanwilte PartG mbB
Destouchesstrae 68
80796 Miinchen (DE)
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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; a collation pattern
memory that stores a plurality of collation patterns cor-
responding to a plurality of examination parts of the sub-
ject in advance; an information input unit that is used by
a user to input examination type information indicating
content of an examination for continuously examining the
plurality of examination parts; a determination order de-
cision unit that decides a determination order of the plu-
rality of examination parts to be continuously examined,
on the basis of the examination type information input to
the information input unit; and a part determination unit
that reads the collation patterns corresponding to the ex-
amination parts to be continuously examined from the
collation pattern memory according to the determination
order decided by the determination order decision unit
and sequentially collates the ultrasound image generat-
ed by the imaging unit in the determination order using
the read collation patterns to determine an imaging part
of the subject.
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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 determines
an imaging part of a subject on the basis of 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 the subject, the user sets
imaging conditions according to an imaging part in order
to obtain ultrasound images suitable for diagnosis for
each examination part. However, in a case in which a
plurality of examination parts of the subject are continu-
ously examined, the user needs to reset the imaging con-
ditions according to the examination part whenever the
examination part is changed. As a result, there is a con-
cern that it will take a long time for diagnosis. For this
reason, JP1992-224738A (JP-H04-224738A) discloses
an ultrasound diagnostic apparatus which determines an
imaging part from a generated ultrasound image, using
collation patterns corresponding to each examination
part that is stored in advance, and sets a scanning pa-
rameter suitable for the imaging part on the basis of the
determination result.

SUMMARY OF THE INVENTION

[0004] However, for example, in a case in which an
extended focused assessment with sonography for trau-
ma (eFAST) examination that continuously examines a
plurality of examination parts is performed, the number
of examination part candidates increases. As such, in a
case in which the number of examination part candidates
increases, the number of collation patterns used by the
ultrasound  diagnostic  apparatus  disclosed in
JP1992-224738A (JP-H04-224738A) to determine the
imaging part increases in order to respond to these ex-
amination part candidates. As a result, there is a concern
that it will take a long time until the determination of the
imaging part is completed. In addition, in a case in which
the ultrasound image of an examination part other than
the examination parts corresponding to the collation pat-
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terns which have been stored in advance is obtained, it
is difficult to determine the imaging part and a part de-
termination process is continuously performed until all of
the collation patterns are used. Therefore, there is a con-
cern that it will take a long time unit the process proceeds
to an operation subsequent to the part determination
process. As a result, there is a concern that the setting
of the scanning parameter suitable for the imaging part
will be delayed, which hinders diagnosis.

[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 thatcan preventthe time required to determine
an imaging part in an ultrasound image from increasing
even in a case in which the number of examination part
candidates increases.

[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; a collation pattern memory that stores a plu-
rality of collation patterns corresponding to a plurality of
examination parts of the subject in advance; an informa-
tion input unit that is used by a user to input examination
type information indicating content of an examination for
continuously examining the plurality of examination
parts; a determination order decision unit that decides a
determination order of the plurality of examination parts
to be continuously examined, on the basis of the exam-
ination type information input to the information input unit;
and a part determination unit that reads the collation pat-
terns corresponding to the examination parts to be con-
tinuously examined from the collation pattern memory
according to the determination order decided by the de-
termination order decision unit and sequentially collates
the ultrasound image generated by the imaging unit in
the determination order using the read collation patterns
to determine an imaging part of the subject.

[0007] The partdetermination unit may read a collation
pattern corresponding to an examination part which is
located in the vicinity of the examination part correspond-
ing to the read collation pattern from the collation pattern
memory, in addition to the collation patterns read from
the collation pattern memory according to the determi-
nation order, and determine the imaging part.

[0008] The determinationorder decision unitmay store
content of a plurality of continuous examinations for con-
tinuously examining the plurality of examination parts in
advance. In a case in which the user inputs a continuous
examination selected from the plurality of continuous ex-
aminations as the examination type information to the
information input unit, the determination order decision
unit may decide the determination order of the plurality
of examination parts corresponding to the input continu-
ous examination.
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[0009] The examination type information may be input
as a list of the plurality of examination parts to be contin-
uously examined to the information input unit by the user.
The determination order decision unit may decide the
determination order of the plurality of examination parts
onthe basis of the listinput from the information input unit.
[0010] The ultrasound diagnostic apparatus may fur-
ther comprise an imaging condition setting unit that sets
imaging conditions corresponding to the imaging part de-
termined by the part determination unit. The imaging unit
may generate the ultrasound image according to the im-
aging conditions set by the imaging condition setting unit.
[0011] A method for controlling an ultrasound diagnos-
ticapparatus according to the invention comprises: a step
of transmitting and receiving an ultrasound beam to and
from a subject using an ultrasound probe and converting
a received signal output from the ultrasound probe into
an image to generate an ultrasound image of the subject;
a step of allowing a user to input examination type infor-
mation indicating content of an examination for continu-
ously examining a plurality of examination parts; a step
of deciding a determination order of the plurality of ex-
amination parts to be continuously examined, on the ba-
sis of the input examination type information; and a step
of reading collation patterns corresponding to the exam-
ination parts to be continuously examined from a plurality
of collation patterns, which correspond to the plurality of
examination parts and are stored in advance, according
to the decided determination order and sequentially col-
lating the ultrasound image in the determination order
using the read collation patterns to determine animaging
part of the subject.

[0012] According to the invention, an ultrasound beam
is transmitted and received to and from the subject by
the ultrasound probe and the received signal output from
the ultrasound probe is converted into an image to gen-
erate an ultrasound image of the subject. In a case in
which the user inputs the examination type information
indicating the content of the examination for continuously
examining a plurality of examination parts, the determi-
nation order of the plurality of examination parts to be
continuously examined is decided on the basis of the
input examination type information. Collation patterns
corresponding to the examination parts to be continuous-
ly examined are read from a plurality of collation patterns,
which correspond to the plurality of examination parts
and are stored in advance, according to the decided de-
termination order and the ultrasound image is sequen-
tially collated in the determination order using the read
collation patterns to determine the imaging part of the
subject. Therefore, it is possible to prevent the time re-
quired to determine the imaging part in the ultrasound
image fromincreasing evenin a case in which the number
of examination part candidates increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

10

15

20

25

30

35

40

45

50

55

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

Fig. 5 is a flowchart illustrating a part determination
process according to Embodiment 1.

Fig. 6 is a flowchart illustrating a part determination
process according to Embodiment 2.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0014] Hereinafter, embodiments of the invention will
be described with reference to the accompanying draw-
ings.

Embodiment 1

[0015] 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.
[0016] 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 brightness-mode
(B-mode) processing unit 9 that is connected to the re-
ceiving 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. An imaging condition setting
unit 11 is connected to the transmission/reception control
unit 8 of the transmitting/receiving unit 2 and the B-mode
processing unit9 and the DSC 10 oftheimage generation
unit 3.

[0017] In addition, a part determination unit 12 is con-
nected to the DSC 10 and a determination order decision
unit 13 is connected to of the part determination unit 12.
[0018] Anapparatus control unit 14 is connected to the
imaging condition setting unit 11, the part determination
unit 12, the determination order decision unit 13, and the
display control unit4. In addition, a collation pattern mem-
ory 15, an information input unit 16, and a storage unit
17 are connected to the apparatus control unit 14.
[0019] The arraytransducer 1A of the ultrasound probe
1 includes a plurality of ultrasound transducers that are
one-dimensionally or two-dimensionally arranged. Each
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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 at both ends of a piezoelectric body made of pi-
ezoelectric ceramic typified by lead zirconate titanate
(PZT), a polymer piezoelectric element typified by poly-
vinylidene difluoride (PVDF), or a piezoelectric crystal
typified by lead magnesium niobate-lead titanate (PMN-
PT).

[0020] 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.

[0021] 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 are formed by ultrasound
beam scanning conditions for the transmitting/receiving
unit 2 and ultrasound image generation conditions for the
image generation unit 3.

[0022] 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.

[0023] 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.

[0024] 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
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repetition frequency (PRF) interval.

[0025] 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 imaging condition
setting unit 11 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 focus-
ing process.

[0026] 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 related to the tissues of the subject.
[0027] 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).

[0028] 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.
[0029] 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.

[0030] A plurality of collation patterns corresponding
to a plurality of examination parts of the subject are stored
in the collation pattern memory 15 in advance.

[0031] The information input unit 16 is used by a user
to perform an input operation and may include, for ex-
ample, a keyboard, a mouse, a trackball, and a touch
panel.

[0032] Here, for example, an operation of continuously
examining a plurality of examination parts, such as an
eFAST examination, an abdomen routine examination,
or a circulatory organ routine examination, is defined as
a continuous examination. A continuous examination
thatis selected from a plurality of continuous examination
candidates by the user is input as examination type in-
formation to the information input unit 16.

[0033] The determination order decision unit 13 de-
cides a plurality of examination parts to be continuously
examined on the basis of the examination type informa-
tion input to the information input unit 16 and decides a
determination order in which the examination parts are
determined.

[0034] The part determination unit 12 reads collation
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patterns corresponding to the examination parts to be
continuously examined from the collation pattern mem-
ory 15 according to the determination order decided by
the determination order decision unit 13 and sequentially
collates the B-mode image signal generated by the image
generation unit 3 in this determination order, using the
read collation patterns, to determine the imaging part of
the subject.

[0035] Theimaging condition setting unit 11 stores im-
aging conditions corresponding to a plurality of exami-
nation parts in advance and sets the imaging conditions
corresponding to the examination part determined by the
part determination unit 12.

[0036] The apparatus control unit 14 controls the im-
aging condition setting unit 11, the display control unit 4,
the part determination unit 12, and the determination or-
der decision unit 13 on the basis of commands input from
by the information input unit 16 by the user.

[0037] The storage unit 17 stores, for example, an op-
eration program. For example, a recording medium, such
as a hard disk, a flexible disk, a magneto-optical disk
(MO), a magnetic tape (MT), a random access memory
(RAM), a compact disk read only memory (CD-ROM), a
digital versatile disk read only memory (DVD-ROM), a
secure digital card (SD card), a compact flash card (CF
card), or a universal serial bus memory (USB memory),
or a server may be used as the storage unit 17.

[0038] In this embodiment, the image generation unit
3, the display control unit 4, the transmission/reception
control unit 8 of the transmitting/receiving unit 2, the im-
aging condition setting unit 11, the part determination
unit 12, the determination order decision unit 13, and the
apparatus control unit 14 are formed by a central process-
ing unit (CPU) and an operation program that causes the
CPU to perform various processes. However, these units
may be formed by digital circuits. In addition, some or all
of the image generation unit 3, the display control unit 4,
the transmission/reception control unit 8, the imaging
condition setting unit 11, the part determination unit 12,
the determination order decision unit 13, and the appa-
ratus control unit 14 may be integrated into one CPU.
[0039] Next, the operation of Embodiment 1 will be de-
scribed with reference to a flowchart illustrated in Fig. 4.
[0040] First, in Step S1, the user inputs examination
type information to the information input unit 16. The ex-
amination type information indicates the content of an
examination that continuously examines a plurality of ex-
amination parts in a case in which the subject is diag-
nosed. For example, in a continuous examination that is
generally called an eFAST examination, the right abdo-
men, the left abdomen, a region around the bladder, an
epigastric region, the right lung, and the left lung are con-
tinuously examined in this order. In addition, examples
of the continuous examination include an abdomen rou-
tine examination that continuously examines the liver,
the gallbladder, the kidney, the pancreas, and the spleen
in this order and a circulatory organ routine examination
that continuously examines the long and short axes of
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the left ventricle, the cardiac apex, the right heart, and
an epigastric region in this order. The content and order
of the examination parts are illustrative and vary depend-
ing on, for example, examination facilities, examiners,
and the state of a patient.

[0041] Here, in a case in which the user selects the
eFAST examination from the continuous examination
candidates, the eFAST examination is input as the ex-
amination type information to the information input unit
16.

[0042] Then, in Step S2, the determination order deci-
sion unit 13 decides the determination order of a plurality
of examination parts to be continuously examined on the
basis of the examination type information. The determi-
nation order decision unit 13 stores the content of a plu-
rality of continuous examinations in advance and decides
a plurality of examination parts to be continuously exam-
ined, such as the right abdomen, the left abdomen, the
region around the bladder, the epigastric region, the right
lung, and the left lung, on the basis of the examination
type information such as the eFAST examination input
by the user. In addition, the determination order decision
unit 13 decides the determination order for determining
imaging parts in the order of the right abdomen, the left
abdomen, the region around the bladder, the epigastric
region, the right lung, and the left lung and outputs the
decided determination order to the part determination
unit 12.

[0043] InStep S3, the transmitting/receiving unit 2 per-
forms the transmission and reception of an ultrasound
beam and scanning, using the plurality of ultrasound
transducers in the array transducer 1A of the ultrasound
probe 1. A received signal from each ultrasound trans-
ducer that has received ultrasound echoes from the sub-
ject is output to the receiving unit 7. The receiving unit 7
performs amplification and A/D conversion for the re-
ceived signal to generate received data.

[0044] In Step S4, 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 received data to generate
a B-mode image signal. The B-mode image signal is out-
put from the image generation unit 3 to the display control
unit 4. The B-mode image is displayed on the display unit
5.

[0045] The B-mode image signal output from the DSC
10 of the image generation unit 3 is input to the part de-
termination unit 12. First, in Step S5, the part determina-
tion unit 12 determines whether the imaging part in the
B-mode image signal has been changed. For example,
in a case in which the examination part is changed from
the right abdomen to the left abdomen and the imaging
part is changed, it is determined that the imaging part
has been changed. Specifically, in general, in a case in
which theimaging partis changed, the probe is separated
from the surface of the body and emits ultrasonic waves
to the air. Therefore, it is possible to determine whether
the imaging part has been changed by detecting the aer-
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ial emission state (a state in which a reflected signal is
not obtained). Alternatively, in a case in which the B-
mode image signal is generated first after the determi-
nation order is decided in Step S2, the process proceeds
to Step S6 in order to determine the imaging part and to
set the imaging conditions corresponding to the determi-
nation result. Then, in Step S6, the part determination
unit 12 determines the imaging part of the subject.
[0046] First, the part determination unit 12 reads the
collation patterns corresponding to the examination parts
of the eFAST examination from the collation pattern
memory 15 according to the determination order decided
by the determination order decision unit 13. The collation
pattern memory 15 stores collation patterns correspond-
ing to the stomach, the kidney, the liver, and various other
imaging parts in order to respond to examination parts
other than the examination parts of the eFAST examina-
tion. Only six types of collation patterns corresponding
tothe rightabdomen, the leftabdomen, the region around
the bladder, the epigastric region, the right lung, and the
left lung which are the examination parts of the eFAST
examination are read from the collation pattern memory
15 storing the various other collation patterns.

[0047] In addition, the part determination unit 12 se-
quentially collates the B-mode image signal output from
the DSC 10 of the image generation unit 3 in the deter-
mination order decided by the determination order deci-
sion unit 13 using the read collation patterns. That is, as
illustrated in the flowchart of Fig. 5, the B-mode image
signal is collated in the order of the right abdomen, the
left abdomen, the region around the bladder, the epigas-
tric region, the right lung, and the left lung using the col-
lation patterns corresponding to these examination parts.
[0048] For example, in the examination of the right
lung, in a case in which it is determined in Step S11 that
the imaging partis not the right abdomen, itis determined
in Step S12 that the imaging part is not the left abdomen,
it is determined in Step S13 that the imaging part is not
the region around the bladder, it is determined in Step
S14 thatthe imaging part is not the epigastric region, and
it is determined in Step S15 that the imaging part is the
rightlung, Step S16 is omitted. In Step S18, itis confirmed
that the imaging part is the right lung and the determina-
tionresultis output. Then, the part determination process
ends.

[0049] As such, only six collation patterns correspond-
ing to the examination parts of the eFAST examination
are read and collation is performed in Steps S11 to S16.
Therefore, evenin a case in which collation patterns other
than six types of collation patterns corresponding to the
examination parts of the eFAST examination are stored
in the collation pattern memory 15, itis possible to prevent
the time required for the part determination process from
increasing.

[0050] In a case in which the imaging part is the liver
that is not the examination part of the eFAST examina-
tion, in the flowchart illustrated in Fig. 5, Steps S11 to
S16 are performed using only the read six types of col-
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lation patterns and it is determined in Step S17 that the
imaging partis unclear. Therefore, itis possible to prevent
the time until the process proceeds to an operation sub-
sequent to the part determination process from increas-
ing.

[0051] Inacaseinwhichthe eFAST examination starts
to examine the right abdomen which is an initial exami-
nation part and it is determined in Step S11 that the im-
aging part is the right abdomen, Steps S12 to S16 are
not performed and it is confirmed in Step S18 that the
imaging part is the right abdomen. Then, the part deter-
mination process is completed. Therefore, the collation
of the B-mode image signal in Step S12 and the subse-
quent steps is omitted and it is possible to reduce the
time required for the part determination process.

[0052] A known matching technique can be used to
collate the B-mode image signal using the read collation
patterns. In addition to the matching technique, for ex-
ample, machine learning or a general image recognition
method maybe used to calculate similarity and the B-
mode image signals may be collated on the basis of the
calculated similarity.

[0053] In a case in which the part determination unit
12 outputs, for example, the determination result indicat-
ing thatthe imaging partis the rightabdomen, theimaging
condition setting unit 11 adjusts the imaging conditions
in Step S7. The imaging condition setting unit 11 stores
a plurality of imaging conditions in advance, selects im-
aging conditions corresponding to the output determina-
tion result, and controls the transmitting/receiving unit 2
and the image generation unit 3 such thatimaging is per-
formed for the subsequent frames under the selected
imaging conditions.

[0054] Then, returningto Step S3, the transmission/re-
ception control unit 8 of the transmitting/receiving unit 2
is controlled such that an ultrasound beam is transmitted
and received according to ultrasound beam scanning
conditions included in the imaging conditions selected
by the imaging condition setting unit 11. Then, in Step
S4, the image generation unit 3 is controlled such that a
B-mode image is generated from the received signal ac-
cording to ultrasound image generation conditions in-
cluded in the imaging conditions selected by the imaging
condition setting unit 11. The B-mode image signal is
output from the image generation unit 3 to the display
control unit 4. In this way, the B-mode image suitable for
diagnosing the right abdomen can be displayed on the
display unit 5.

[0055] Then, Steps S3 to S5 are repeated until the part
determination unit 12 determines that the imaging part
has been changed in Step S5 and the right abdomen
which is the imaging part is continuously diagnosed.
[0056] Then, for example, in a case in which the ex-
amination part is changed from the right abdomen to the
left abdomen, the part determination unit 12 determines
thatthe imaging part has been changed in Step S5. Then,
in Step S6, the part determination unit 12 determines that
the imaging part is the left abdomen. In Step S7, the
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imaging condition setting unit 11 selects the imaging con-
ditions corresponding to the determination result and the
transmitting/receiving unit 2 and the image generation
unit 3 are controlled such that a B-mode image signal
suitable for diagnosing the left abdomen which is the im-
aging part is generated.

[0057] In the imaging conditions, the ultrasound beam
scanning conditions can include, for example, an ultra-
sound beam transmission frequency, a focal position,
and a display depth and the ultrasound image generation
conditions can include, for example, a sound speed, de-
tection conditions, a gain, a dynamic range, a gradation
curve, speckle reduction strength, and end enhance-
ment.

[0058] As described above, the content of a plurality
of continuous examinations is stored in the determination
orderdecision unit 13 in advance. However, the user may
operate the information input unit 16 to edit the stored
content of the examinations and to store the edited con-
tent of the examinations in the determination order deci-
sion unit 13. For example, assuming that the abdomen
routine examination which continuously examines the liv-
er, the gallbladder, the kidney, the pancreas, and the
spleen in this order is stored in the determination order
decision unit 13, the user can change one of a plurality
of examination parts from the liver to the stomach and
edit the content ofthe examination such that the stomach,
the gallbladder, the kidney, the pancreas, and the spleen
are examined in this order. In addition, the examination
order may be changed without changing the examination
part.

[0059] As described above, in the part determination
process for the imaging part in the B-mode image signal,
a plurality of collation patterns which have been read ac-
cording to the determination order are used one by one
and the imaging part is confirmed at the time when the
imaging part in the B-mode image signal is determined
to the examination part corresponding to the collation
pattern used for collation. However, the invention is not
limited thereto. For example, for the imaging part in the
B-mode image signal, similarities to the collation patterns
corresponding to the right abdomen, the left abdomen,
the region around the bladder, the epigastric region, the
right lung, and the left lung may be calculated and the
examination part corresponding to a collation pattern with
the highest similarity may be confirmed as the imaging
part.

[0060] In a case in which the similarity is calculated as
described above, only six types of collation patterns cor-
responding to the examination parts, such as the right
abdomen, the left abdomen, the region around the blad-
der, the epigastric region, the right lung, and the left lung
decided by the determination order decision unit 13, are
used. Therefore, itis possible to prevent the time required
for the part determination process from increasing.

10

15

20

25

30

35

40

45

50

55

Embodiment 2

[0061] InEmbodiment 1, the part determination unit 12
reads the collation patterns from the collation pattern
memory 15 according to the determination order decided
by the determination order decision unit 13 and deter-
mines the imaging part in the B-mode image signal using
only the read collation patterns. However, the invention
is not limited thereto. In Embodiment 2, a collation pattern
corresponding to an examination part which is located in
the vicinity of the examination part corresponding to the
collation pattern read by the part determination unit 12
is stored in the collation pattern memory 15 in advance.
Then, the collation pattern corresponding to the exami-
nation part which is located in the vicinity of the exami-
nation part corresponding to the read collation pattern is
read from the collation pattern memory 15 so as to be
added to the collation patterns read by the part determi-
nation unit 12. Then, the imaging part can be determined.
[0062] In a case in which the user inputs the eFAST
examination as the examination type information to the
information input unit 16, first, the determination order
decision unit 13 decides a plurality of examination parts
to be continuously examined such as the right abdomen,
the left abdomen, a region around the bladder, an epi-
gastricregion, therightlung, and the left lung. In addition,
the determination order decision unit 13 decides a deter-
mination order for determining an imaging part in the or-
der of the right abdomen, the left abdomen, the region
around the bladder, the epigastric region, the right lung,
and the left lung and outputs the decided determination
order to the part determination unit 12. The part determi-
nation unit 12 reads collation patterns corresponding to
the right abdomen, the left abdomen, the region around
the bladder, the epigastric region, the right lung, and the
left lung from the collation pattern memory 15 according
to the decided determination order.

[0063] Here, the collation patterns corresponding to
examination parts which are located in the vicinity of the
examination part of the eFAST examination, forexample,
the cardiac apex and a parasternal region which are lo-
cated in the vicinity of the epigastric region are also stored
inthe collation pattern memory 15 in advance. In addition,
the examination parts which are located in the vicinity of
the examination part of the eFAST examination are
stored in the part determination unit 12 in advance. The
collation patterns corresponding to the cardiac apex and
the parasternal region which are located in the vicinity of
the epigastric region are also read from the collation pat-
tern memory 15.

[0064] As illustrated in the flowchart of Fig. 6, the col-
lation patterns corresponding to the examination parts,
such as the right abdomen, the left abdomen, the region
around the bladder, the epigastric region, the right lung,
theleftlung, the cardiac apex, and the parasternal region,
are used in this order and the B-mode image signal output
fromthe DSC 10 of theimage generation unit 3 is collated.
[0065] Forexample, in a case in which the parasternal
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region located in the vicinity of the epigastric region is
examined, itis impossible to determine the imaging parts
in Steps S11 to S16 corresponding to the right abdomen,
the left abdomen, the region around the bladder, the ep-
igastric region, the right lung, and the left lung which are
the content of the eFAST examination. It is determined
in Step S21 that the imaging part is not the cardiac apex.
Then, it is determined in Step S22 that the imaging part
is the parasternal region. It is confirmed in Step S18 that
the imaging part is the parasternal region.

[0066] As such, for example, in the eFAST examina-
tion, in a case in which the examination part thatis anom-
alously located in the vicinity of the epigastric region
needs to be examined, the part determination unit 12 can
read the collation patterns corresponding to the paraster-
nal region and the cardiac apex located in the vicinity of
the epigastric region to determine the imaging part.
[0067] The partdetermination unit 12 may read the col-
lation pattern corresponding to the examination part of
the eFAST examination and the collation patterns corre-
sponding to the examination parts located in the vicinity
of the examination part of the eFAST examination at the
time when the determination order decided by the deter-
mination order decision unit 13 is input. In addition, in the
flowchart illustrated in Fig. 5 in Embodiment 1, at the time
when the imaging part is determined not to be the left
lung in Step S16, the part determination unit 12 may read
the collation patterns corresponding to the examination
parts located in the vicinity of the examination part of the
eFAST examination and may collate the B-mode image
signal using the read collation patterns.

Embodiment 3

[0068] In Embodiment 1 and Embodiment 2, the ex-
amination type information is selected from a plurality of
continuous examination candidates by the user and is
then input to the information input unit 16. However, in
Embodiment 3, the examination type information is input
as a list of a plurality of examination parts selected by
the user to the information input unit 16.

[0069] The userselects, for example, the liver, the gall-
bladder, the kidney, the pancreas, and the spleen from
various examination part candidates and inputs a list of
examination type information indicating the content of
the examination that continuously examines the exami-
nation parts to the information input unit 16. Then, the
determination order decision unit 13 decides the deter-
mination order of the liver, the gallbladder, the kidney,
the pancreas, and the spleen on the basis of the input
examination type information and outputs the determi-
nation order to the part determination unit 12. The part
determination unit 12 performs the part determination
process which reads the collation patterns corresponding
to the examination parts from the collation pattern mem-
ory 15 according to the determination order decided by
the determination order decision unit 13, collates the B-
mode image signal output from the DSC 10 of the image
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generation unit 3 in the order of the liver, the gallbladder,
the kidney, the pancreas, and the spleen, using the col-
lation patterns corresponding to the examination parts,
and determines the imaging part.

[0070] Assuch,the usercan arbitrarily selecta plurality
of examination parts and input a list of examination type
information.

Explanation of References
[0071]

1: ultrasound probe

1A: array transducer

2: transmitting/receiving unit
3: image generation unit

4: display control unit

5: display unit

6: transmitting unit

7: receiving unit

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

10: DSC

11: imaging condition setting unit
12: part determination unit

13: determination order decision unit
14: apparatus control unit

15: collation pattern memory

16: information input unit

17: storage unit

18: amplification unit

19: A/D conversion unit

20: beam former

21: signal processing unit

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;
a collation pattern memory that stores a plurality
of collation patterns corresponding to a plurality
of examination parts of the subject in advance;
an information input unit that is used by a user
to input examination type information indicating
content of an examination for continuously ex-
amining the plurality of examination parts;

a determination order decision unit that decides
a determination order of the plurality of exami-
nation parts to be continuously examined, on
the basis of the examination type information
input to the information input unit; and



15 EP 3 420 915 A1

a part determination unit that reads the collation
patterns corresponding to the examination parts
to be continuously examined from the collation
pattern memory according to the determination
order decided by the determination order deci-
sion unit and sequentially collates the ultra-
sound image generated by the imaging unit in
the determination order using the read collation
patterns to determine an imaging part of the sub-
ject.

2. The ultrasound diagnostic apparatus according to
claim 1,

wherein the part determination unit reads a col-
lation pattern corresponding to an examination
part which is located in the vicinity of the exam-
ination part corresponding to the read collation
pattern from the collation pattern memory, in ad-
dition to the collation patterns read from the col-
lation pattern memory according to the determi-
nation order, and determines the imaging part.

3. The ultrasound diagnostic apparatus according to
claim 1 or 2,

wherein the determination order decision unit
stores content of a plurality of continuous exam-
inations for continuously examining the plurality
of examination parts in advance, and

in a case in which the user inputs a continuous
examination selected from the plurality of con-
tinuous examinations as the examination type
information to the information input unit, the de-
termination order decision unit decides the de-
termination order of the plurality of examination
parts corresponding to the input continuous ex-
amination.

4. The ultrasound diagnostic apparatus according to
claim 1 or 2,

wherein the examination type information is in-
put as a list of the plurality of examination parts
to be continuously examined to the information
input unit by the user, and

the determination order decision unit decides
the determination order of the plurality of exam-
ination parts on the basis of the list input from
the information input unit.

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

an imaging condition setting unit that sets imag-
ing conditions corresponding to the imaging part
determined by the part determination unit,

wherein the imaging unit generates the ultra-
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sound image according to the imaging condi-
tions set by the imaging condition setting unit.

6. A method for controlling an ultrasound diagnostic ap-
paratus, the method comprising:

a step of transmitting and receiving an ultra-
sound beam to and from a subject using an ul-
trasound probe and converting areceived signal
output from the ultrasound probe into an image
to generate an ultrasound image of the subject;
a step of allowing a user to input examination
type information indicating content of an exam-
ination for continuously examining a plurality of
examination parts;

a step of deciding a determination order of the
plurality of examination parts to be continuously
examined, on the basis of the input examination
type information; and

a step of reading collation patterns correspond-
ing to the examination parts to be continuously
examined from a plurality of collation patterns,
which correspond to the plurality of examination
parts and are stored in advance, according to
the decided determination order and sequential-
ly collating the ultrasound image in the determi-
nation order using the read collation patterns to
determine an imaging part of the subject.
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