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ULTRASOUND DIAGNOSIS APPARATUS
AND IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2018-140470, filed on Jul. 26, 2018; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an image processing
method.

BACKGROUND

[0003] Ultrasound images can be used for checking
growth of fetuses. For example, by using an ultrasound
image, an ultrasound diagnosis apparatus is capable of
measuring parameters such as the biparietal diameter (BPD),
the head circumference (HC), the abdominal circumference
(AC), the femur length (FL), the humerus length (HL), and
the like of a fetus. By using these parameters, the ultrasound
diagnosis apparatus is capable of calculating an estimated
fetal weight (EFW).

[0004] In relation to this, for the purpose of guiding
operations performed by an operator who performs the
measuring process, the ultrasound diagnosis apparatus may
cause a display to display an ultrasound image rendering a
region including a part of the fetus and a schematic image
schematically indicating the part of the fetus, so as to be kept
in correspondence with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.11is a block diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus accord-
ing to a first embodiment;

[0006] FIG. 2 is a flowchart illustrating a procedure in a
process performed by the ultrasound diagnosis apparatus
according to the first embodiment;

[0007] FIG. 3 is a drawing for explaining examples of
processes performed by an image obtaining function of the
ultrasound diagnosis apparatus according to the first
embodiment;

[0008] FIG. 4 is another drawing for explaining the
examples of the processes performed by the image obtaining
function of the ultrasound diagnosis apparatus according to
the first embodiment;

[0009] FIG. 5 is yet another drawing for explaining the
examples of the processes performed by the image obtaining
function of the ultrasound diagnosis apparatus according to
the first embodiment;

[0010] FIG. 6 is a drawing for explaining an example of a
process performed by a schematic image obtaining function
of the ultrasound diagnosis apparatus according to the first
embodiment;

[0011] FIG. 7 is a drawing for explaining examples of
processes performed by an analyzing function of the ultra-
sound diagnosis apparatus according to the first embodi-
ment;
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[0012] FIG. 6 is another drawing for explaining the
examples of the processes performed by the analyzing
function of the ultrasound diagnosis apparatus according to
the first embodiment;

[0013] FIG. 9 is yet another drawing for explaining the
examples of the processes performed by the analyzing
function of the ultrasound diagnosis apparatus according to
the first embodiment;

[0014] FIG. 10 is yet another drawing for explaining the
examples of the processes performed by the analyzing
function of the ultrasound diagnosis apparatus according to
the first embodiment;

[0015] FIG. 11 is a drawing for explaining examples of
processes performed by a display controlling function of the
ultrasound diagnosis apparatus according to the first
embodiment;

[0016] FIG. 12 is another drawing for explaining the
examples of the processes performed by the display con-
trolling function of the ultrasound diagnosis apparatus
according to the first embodiment;

[0017] FIG. 13 is yet another drawing for explaining the
examples of the processes performed by the display con-
trolling function of the ultrasound diagnosis apparatus
according to the first embodiment;

[0018] FIG. 14 is yet another drawing for explaining the
examples of the processes performed by the display con-
trolling function of the ultrasound diagnosis apparatus
according to the first embodiment;

[0019] FIG. 15 is a flowchart illustrating a procedure in a
parameter measuring process performed by the ultrasound
diagnosis apparatus according to the first embodiment; and

[0020] FIG. 16 is a drawing for explaining an example of
a process performed by an estimating function of the ultra-
sound diagnosis apparatus according to the first embodi-
ment.

DETAILED DESCRIPTION

[0021] An ultrasound diagnosis apparatus according to an
embodiment includes processing circuitry. The processing
circuitry is configured to generate an ultrasound image on
the basis of a result of an ultrasound scan performed on a
region including a part of a subject. The processing circuitry
is configured to obtain a schematic image schematically
indicating the part of the subject. The processing circuitry is
configured to cause a display to display the schematic image
and either the ultrasound image or an image based on the
ultrasound image, in such a manner that the orientation of
the subject included in either the ultrasound image or the
image based on the ultrasound image and the orientation of
the subject indicated in the schematic image are close to
each other, on the basis of an analysis result from an analysis
performed on either the ultrasound image or the image based
on the ultrasound image.

[0022] Exemplary embodiments of an ultrasound diagno-
sis apparatus and an image processing method will be
explained below, with reference to the accompanying draw-
ings. Possible embodiments are not limited to the embodi-
ments described below. Further, the explanation of each of
the embodiments is, in principle, similarly applicable to any
other embodiment.
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First Embodiment

[0023] FIG. 11is a block diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment. As illustrated in FIG. 1, the
ultrasound diagnosis apparatus 1 according to the first
embodiment includes an apparatus main body 100, an ultra-
sound probe 101, an input interface 102, and a display 103.
The ultrasound probe 101, the input interface 102, and the
display 103 are connected to the apparatus main body 100.
[0024] The ultrasound probe 101 is configured to perform
an ultrasound wave transmission/reception process (an ultra-
sound scan). For example, the ultrasound probe 101 is
brought into contact with the body surface of a subject
(hereinafter “patient”) P (the abdomen of a pregnant woman)
and is configured to perform the ultrasound wave transmis-
sion/reception process on a region including at least part of
a fetus in the uterus of the pregnant woman. The ultrasound
probe 101 includes a plurality of piezoelectric transducer
elements. Each of the plurality of piezoelectric transducer
elements is a piezoelectric element having a piezoelectric
effect for converting an electric signal (pulse voltage) and
mechanical vibration (vibration from sound) to and from
each other and is configured to generate an ultrasound wave
on the basis of a drive signal (an electric signal) supplied
thereto from the apparatus main body 100. The generated
ultrasound waves are reflected on a plane of unmatched
acoustic impedance in the body of the patient P and are
received by the plurality of piezoelectric transducer ele-
ments as reflected-wave signals (electrical signals) including
a component scattered by a scattering member in a tissue,
and the like. The ultrasound probe 101 is configured to
forward the reflected-wave signals received by the plurality
of piezoelectric transducer elements to the apparatus main
body 100.

[0025] 1Inthe present embodiment, as the ultrasound probe
101, an ultrasound probe in any form may be used, such as
a one-dimensional (1D) array probe including the plurality
of piezoelectric transducer elements arranged one-dimen-
sionally in a predetermined direction, a two-dimensional
(2D) array probe in which the plurality of piezoelectric
transducer elements are two-dimensionally arranged in a
matrix formation, or a mechanical four-dimensional (4D)
probe configured to scan a three-dimensional region by
mechanically swinging the plurality of piezoelectric trans-
ducer elements arranged one-dimensionally.

[0026] The input interface 102 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a wheel, a trackball, a joystick, and/or the like
and is configured to receive various types of setting requests
from an operator of the ultrasound diagnosis apparatus 1 and
to transfer the received various types of setting requests to
the apparatus main body 100.

[0027] The display 103 is configured to display a Graphi-
cal User Interface (GUT) used by the operator of the ultra-
sound diagnosis apparatus 1 for inputting the various types
of setting requests through the input interface 102 and to
display ultrasound image data generated by the apparatus
main body 100 and the like.

[0028] The apparatus main body 100 is an apparatus
configured to generate the ultrasound image data on the
basis of the reflected-wave signals received by the ultra-
sound probe 101. The ultrasound image data generated by
the apparatus main body 100 may be two-dimensional
ultrasound image data generated on the basis of two-dimen-
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sional reflected-wave signals or may be three-dimensional
ultrasound image data generated on the basis of three-
dimensional reflected-wave signals.

[0029] As illustrated in FIG. 1, the apparatus main body
100 includes, for example, a transmission and reception
circuitry 110, a B-mode processing circuitry 120, a Doppler
processing circuitry 130, an image processing circuitry 140,
an image memory 150, a storage circuitry 160, and a
controlling circuitry 170. The transmission and reception
circuitry 110, the B-mode processing circuitry 120, the
Doppler processing circuitry 130, the image processing
circuitry 140, the image memory 150, the storage circuitry
160, and the controlling circuitry 170 are communicably
connected to one another.

[0030] The transmission and reception circuitry 110 is
configured to control the transmission of the ultrasound
waves by the ultrasound probe 101. For example, on the
basis of an instruction from the controlling circuitry 170, the
transmission and reception circuitry 110 is configured to
apply the abovementioned drive signal (a drive pulse) to the
ultrasound probe 101 with timing to which a predetermined
transmission delay period is applied for each of the trans-
ducer elements. With this arrangement, the transmission and
reception circuitry 110 causes the ultrasound probe 101 to
transmit an ultrasound beam obtained by converging the
ultrasound waves in the form of a beam.

[0031] Further, the transmission and reception circuitry
110 is configured to control the reception of the reflected-
wave signals by the ultrasound probe 101. As explained
above, the reflected-wave signals are signals obtained as a
result of the ultrasound waves transmitted from the ultra-
sound probe 101 being reflected in the tissue in the body of
the patient P. For example, on the basis of an instruction
from the controlling circuitry 170, the transmission and
reception circuitry 110 performs an adding process by
applying predetermined delay periods to the reflected-wave
signals received by the ultrasound probe 101. As a result,
reflected components from a direction corresponding to
reception directionality of the reflected-wave signals are
emphasized. Further, the transmission and reception cit-
cuitry 110 converts the reflected-wave signals resulting from
the adding process into an In-phase signal (an I signal) and
a Quadrature-phase signal (a Q signal) that are in a base-
band. Further, the transmission and reception circuitry 110
sends the I signal and the Q signal (hereinafter, “1Q signals™)
as reflected-wave data, to the B-mode processing circuitry
120 and to the Doppler processing circuitry 130. In this
situation, the transmission and reception circuitry 110 may
send the reflected-wave signals resulting from the adding
process to the B-mode processing circuitry 120 and to the
Doppler processing circuitry 130, after converting the
reflected-wave signals into Radio Frequency (RF) signals.
The 1Q signals and the RB signals are signals (the reflected-
wave data) including phase information.

[0032] The B-mode processing circuitry 120 is configured
to perform various types of signal processing processes on
the reflected-wave data generated by the transmission and
reception circuitry 110 from the reflected-wave signals. The
B-mode processing circuitry 120 is configured to generate
data (B-mode data) in which the signal intensity correspond-
ing to each sampling point (measuring points) is expressed
by a degree of brightness, by performing a logarithmic
amplification, an envelope detecting process, or the like on
the reflected-wave data received from the transmission and
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reception circuitry 110. The B-mode processing circuitry
120 is configured to send the generated B-mode data to the
image processing circuitry 140.

[0033] Further, the B-mode processing circuitry 120 is
configured to perform a signal processing process to imple-
ment a harmonic imaging process by which a harmonic
component is rendered in a picture. Known examples of the
harmonic imaging process include Contrast Harmonic Imag-
ing (CHI) and Tissue Harmonic Imaging (THI) processes.
Further, known examples of scanning methods used for the
contrast harmonic imaging and tissue harmonic imaging
processes include an Amplitude Modulation (AM) method,
a Phase Modulation (PM) method called “a pulse subtraction
method” or “a pulse inversion method”, and an AMPM
method with which it is possible to achieve both advanta-
geous effects of the AM method and advantageous effects of
the PM method, by combining together the method and the
PM method.

[0034] From the reflect-wave data generated from the
reflected-wave signals by the transmission and reception
circuitry 110, the Doppler processing circuitry 130 is con-
figured to generate, as Doppler data, data obtained by
extracting motion information of moving members based on
the Doppler effect at sampling points within a scanned
region. In this situation, the motion information of the
moving members may be average velocity values, disper-
sion values, power values, and the like of the moving
members. Examples of the moving member include, for
instance, blood flows, a tissue such as the cardiac wall, and
a contrast agent. The Doppler processing circuitry 130 is
configured to send the generated Doppler data to the image
processing circuitry 140.

[0035] For example, when the moving member is a blood
flow, the motion information of the blood flow is informa-
tion (blood flow information) such as an average velocity
value, a dispersion value, a power value, and the like of the
blood flow. It is possible to obtain the blood flow informa-
tion by implementing a color Doppler method, for example.
[0036] According to the color Doppler method, at first, the
ultrasound wave transmission/reception process is pet-
formed multiple times on mutually the same scanning line.
Subsequently, by using a Moving Target Indicator (MTT)
filter, from among signals expressing a data sequence of
pieces of reflected-wave data in mutually the same position
(mutually the same sampling point), signals in a specific
frequency band are passed, while signals in other frequency
bands are attenuated. In other words, signals (a clutter
component) derived from stationary or slow-moving tissues
are suppressed. With this arrangement, from among the
signals expressing the data sequence of the pieces of
reflected-wave data, the blood flow signal related to the
blood flow is extracted. Further, according to the color
Doppler method, from the extracted blood flow signal, the
blood flow information such as the average velocity value,
the dispersion value, the power value, and the like of the
blood flow is estimated, so as to generate the estimated
blood flow information as the Doppler data.

[0037] When using the abovementioned color Doppler
method, the Doppler processing circuitry 130 includes, as
illustrated in FIG. 1, an MTI filter 131 and a blood flow
information generating function 132.

[0038] By using a filter matrix, the MTI filter 131 is
configured to output a data sequence obtained by extracting
the signal (the blood flow signal) in which the clutter

Jan. 30, 2020

component is suppressed, from the data sequence of the
pieces of reflected-wave data in mutually the same position
(the same sampling point). As the MTI filter 131, it is
possible to use, for example, a filter having a fixed coeffi-
cient such as a Butterworth Infinite Impulse Response (IIR)
filter, a polynomial regression filter, or the like or a filter (an
adaptive filter) that varies a coeflicient thereof in accordance
with an input signal, by using an eigenvector or the like.

[0039] The blood flow information generating unit 132 is
configured to estimate the blood flow information such as
the average velocity value, the dispersion value, the power
value, and the like of the blood flow on the basis of the blood
flow signal, by performing a calculation such as an auto-
correlation calculation on the data sequence (the blood flow
signal) output by the MTI filter 131, and to generate the
estimated blood flow information as Doppler data. The
blood flow information generating function 132 is config-
ured to send the generated Doppler data to the image
processing circuitry 140.

[0040] Theimage processing circuitry 140 is configured to
perform image data (ultrasound image data) generating
processes and various types of image processing process on
image data. For example, from two-dimensional B-mode
data generated by the B-mode processing circuitry 120, the
image processing circuitry 140 generates two-dimensional
B-mode image data in which intensities of the reflected
waves are expressed with brightness levels. Further, from
two-dimensional Doppler data generated by the Doppler
processing circuitry 130, the image processing circuitry 140
generates two-dimensional Doppler image data in which the
blood flow information is rendered as a picture. The two-
dimensional Doppler image data may be velocity image data
expressing the average velocity of the blood flow, dispersion
image data expressing the dispersion value of the blood flow,
power image data expressing the power of the blood flow, or
image data combining any of these types of image data
together. As the Doppler image data, the image processing
circuitry 140 is configured to generate color Doppler image
data in which the blood flow information such as the average
velocity, the dispersion value, the power, and/or the like of
the blood flow are displayed in color and to generate
Doppler image data in which a piece of blood flow infor-
mation is displayed by using a gray scale.

[0041] In this situation, generally speaking, the image
processing circuitry 140 converts (by performing a scan
convert process) a scanning line signal sequence from an
ultrasound scan into a scanning line signal sequence in a
video format used by, for example, television and generates
display-purpose ultrasound image data. More specifically,
the image processing circuitry 140 generates the display-
purpose ultrasound image data by performing a coordinate
transformation process compliant with the ultrasound scan-
ning mode used by the ultrasound probe 101. Further, as
various types of image processing processes besides the scan
convert process, the image processing circuitry 140 per-
forms, for example, an image processing process (a smooth-
ing process) to re-generate an average brightness value
image, an image processing process (an edge enhancement
process) that uses a differential filter inside an image, or the
like, by using a plurality of image frames resulting from the
scan convert process. Also, the image processing circuitry
140 combines text information of various types of param-
eters, scale graduations, body marks, and the like with the
ultrasound image data.
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[0042] 1In other words, the F-mode data and the Doppler
data are each ultrasound image data before the scan convert
process. The data generated by the image processing cir-
cuitry 140 is the display-purpose ultrasound image data after
the scan convert process. The E-mode data and the Doppler
data may be referred to as raw data. From the two-dimen-
sional ultrasound image data before the scan convert pro-
cess, the image processing circuitry 140 is configured to
generate display-purpose two-dimensional ultrasound image
data.

[0043] Further, the image processing circuitry 140 is con-
figured to generate three-dimensional B-mode image data by
performing a coordinate transformation process on three-
dimensional B-mode data generated by the B-mode process-
ing circuitry 120. Further, the image processing circuitry 140
is configured to generate three-dimensional Doppler image
data by performing a coordinate transformation process on
three-dimensional Doppler data generated by the Doppler
processing circuitry 130.

[0044] Further, the image processing circuitry 140 is con-
figured to perform a rendering process on volume image
data, to generate any of various types of two-dimensional
image data for the purpose of displaying the volume image
data on the display 103. Examples of the rendering process
performed by the image processing circuitry 140 include a
process of generating Multi Planar Reconstruction (MPR)
image data from the volume image data, by implementing an
MPR method. Further, examples of the rendering process
performed by the image processing circuitry 140 also
include a Volume Rendering (VR) process to generate
two-dimensional image data reflecting information of a
three-dimensional image. Further, examples of the rendering
process performed by the image processing circuitry 140
also include a Surface Rendering (SR) process to generate
two-dimensional image data obtained by extracting only
surface information of a three-dimensional image.

[0045] The image processing circuitry 140 is configured to
store the generated image data and the image data on which
the various types of image processing processes have been
performed, into the image memory 150. Additionally,
together with the image data, the image processing circuitry
140 may also generate and store, into the image memory
150, information indicating a display position of each piece
of image data, various types of information used for assist-
ing operations on the ultrasound diagnosis apparatus 1, and
additional information related to diagnosing processes such
as patient information.

[0046] Further, the image processing circuitry 140 accord-
ing to the first embodiment executes an image generating
function 141, a schematic image obtaining function 142, an
analyzing function 143, an image processing function 144,
a display controlling function 145, and an estimating func-
tion 146. In this situation, the processing functions executed
by the image generating function 141, the schematic image
obtaining function 142, the analyzing function 143, the
image processing function 144, the display controlling func-
tion 145, and the estimating function 146 are recorded in the
storage circuitry 160 in the form of computer-executable
programs, for example. The image processing circuitry 140
is a processor configured to realize the functions correspond-
ing to the programs by reading and executing the programs
from the storage circuitry 160. In other words, the image
generating function 141 is a function realized as a result of
the image processing circuitry 140 reading and executing a
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program corresponding to the image generating function 141
from the storage circuitry 160. The schematic image obtain-
ing function 142 is a function realized as a result of the
image processing circuitry 140 reading and executing a
program corresponding to the schematic image obtaining
function 142 from the storage circuitry 160. The analyzing
function 143 is a function realized as a result of the image
processing circuitry 140 reading and executing a program
corresponding to the analyzing function 143 from the stor-
age circuitry 160. The image processing function 144 is a
function realized as a result of the image processing circuitry
140 reading and executing a program corresponding to the
image processing function 144 from the storage circuitry
160. The display controlling function 145 is a function
realized as a result of the image processing circuitry 140
reading and executing a program corresponding to the
display controlling function 145 from the storage circuitry
160. The estimating function 146 is a function realized as a
result of the image processing circuitry 140 reading and
executing a program corresponding to the estimating func-
tion 146 from the storage circuitry 160. In other words, the
image processing circuitry 140 that has read the programs
has the functions indicated within the image processing
circuitry 140 in FIG. 1. The functions of the image gener-
ating function 141, the schematic image obtaining function
142, the analyzing function 143, the image processing
function 144, the display controlling function 145, and the
estimating function 146 will be explained later.

[0047] With reference to FIG. 1, an example is explained
in which the processing functions implemented by the image
generating function 141, the schematic image obtaining
function 142, the analyzing function 143, the image pro-
cessing function 144, the display controlling function 145,
and the estimating function 146 are realized by the single
image processing circuit (i.e., the image processing circuitry
140). However, another arrangement is also acceptable in
which processing circuitry is structured by combining
together a plurality of independent processors, so that the
functions are realized as a result of the processors executing
the programs.

[0048] The term “processor” used in the above explana-
tions denotes, for example, a Central Processing Unit
(CPU), a Graphics Processing Unit (GPU), or a circuit such
as an Application Specific integrated Circuit (ASIC) or a
programmable logic device (e.g., a Simple Programmable
Logic Device [SPLD], a Complex Programmable Logic
Device [CPLD], or a Field Programmable Gate Array
[FPGA]). The processors realize the functions by reading
and executing the programs saved in the storage circuitry
160. In this situation, instead of saving the programs in the
storage circuitry 160, it is also acceptable to directly incor-
porate the programs in the circuits of the processors. In that
situation, the processors realize the functions by reading and
executing the programs incorporated in the circuits thereof.
The processors in the present embodiment do not each
necessarily have to be structured as a single circuit. It is also
acceptable to structure one processor by combining together
a plurality of independent circuits so as to realize the
functions thereof. Further, it is also acceptable to integrate
two or more of the constituent elements in FIG. 1 into one
processor so as to realize the functions thereof.

[0049] The image memory 150 is a memory configured to
store therein, as the ultrasound image data, the image data
such as the B-mode image data, the Doppler image data, or
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the like generated by the image processing circuitry 140.
Further, the image memory 150 is also capable of storing
therein, as the ultrasound image data, image data such as the
B-mode data generated by the B-mode processing circuitry
120 or the Doppler data generated by the Doppler processing
circuitry 130. After a diagnosis process, for example, the
operator is able to invoke any of the ultrasound image data
stored in the image memory 150. The invoked ultrasound
image data can serve as display-purpose ultrasound image
data after being routed through the image processing cir-
cuitry 140. Further, the image memory 150 is also capable
of storing therein a schematic image 300 (see FIG. 6) that
schematically indicates a part of the fetus, as two-dimen-
sional bitmap image data (hereinafter “bitmap data™).
Details of the schematic image 300 will be explained later.

[0050] The storage circuitry 160 is configured to store
therein a control program for performing the ultrasound
wave transmission/reception process, image processing pro-
cesses, and display processes, diagnosis information (e.g.,
patients’ IDs, observation of medical doctors) and various
types of data such as diagnosis protocols, various types of
body marks, and the like. Further, the storage circuitry 160
may also be used, as necessary, for storing therein any of the
ultrasound image data and the bitmap data (the schematic
image 300) stored in the image memory 150. Further, it is
possible to transfer any of the data stored in the storage
circuitry 160 to an external device via an interface unit (not
illustrated).

[0051] The controlling circuitry 170 is configured to con-
trol the entirety of the processes performed by the ultrasound
diagnosis apparatus 1. More specifically, the controlling
circuitry 170 is configured to control processes of the
transmission and reception circuitry 110, the B-mode pro-
cessing circuitry 120, the Doppler processing circuitry 130,
the image processing circuitry 140, and the like, on the basis
of the various types of setting requests input by the operator
via the input interface 102, and any of the various types of
control programs and the various types of data read from the
storage circuitry 160.

[0052] The transmission and reception circuitry 110, the
B-mode processing circuitry 120, the Doppler processing
circuitry 130, the image processing circuitry 140, the con-
trolling circuitry 170, and the like built in the apparatus main
body 100 may be configured by using hardware such as a
processor (e.g., a Central Processing Unit [CPU], a Micro-
Processing Unit [MPU], or an integrated circuit) or may be
configured by using a program realized as modules in the
form of software.

[0053] With the ultrasound diagnosis apparatus 1 struc-
tured as described above, for the purpose of, for example,
checking the growth of the fetus in the uterus of the pregnant
woman, the ultrasound probe 101 is configured to perform
an ultrasound wave transmission/reception process (an ultra-
sound scan) on a region including a part of the fetus in the
uterus of the pregnant woman, whereas the image process-
ing circuitry 140 is configured to generate an ultrasound
image rendering the region including the part of the fetus on
the basis of a result of the scan. For example, by using the
ultrasound image, the ultrasound diagnosis apparatus 1 is
capable of measuring parameters such as the biparietal
diameter (BPD), the head circumference (HC), the abdomi-
nal circumference (AC), the femur length (EL), the humerus
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length (HL), and the like of the fetus and is capable of
calculating an estimated fetal weight (EFW), by using these
parameters.

[0054] For example, as one of the parameters, the volume
of predetermined range of a part (e.g., a thigh or an upper
arm) of the fetus may be measured from the ultrasound
image. The predetermined range is designated by an opera-
tion performed by the operator, for example. In this situa-
tion, to guide the operation performed by the operator, the
ultrasound diagnosis apparatus 1 may display, on a display,
an ultrasound image and the schematic image 300 schemati-
cally indicating a part of the fetus, so as to be kept in
correspondence with each other.

[0055] However, the part of the fetus rendered in the
ultrasound image may be displayed on the display in a
different orientation from that of the part of the fetus
indicated in the schematic image 300, in some situations. In
those situations, when the operator looks at the ultrasound
image and the schematic image on the display, the operator
would feel strange.

[0056] To cope with these situations, when an ultrasound
scan is performed on the region including a part of the fetus,
the ultrasound diagnosis apparatus 1 according to the first
embodiment is configured to generate an ultrasound image
rendering the region including the part of the fetus, on the
basis of a result of the ultrasound scan. Further, the ultra-
sound diagnosis apparatus 1 is configured to obtain the
schematic image 300 schematically indicating the part of the
fetus. For example, when the region on which the ultrasound
scan is performed is a three-dimensional region, the ultra-
sound image is a three-dimensional image, and a tomo-
graphic image is generated from the three-dimensional
image. Further, the ultrasound diagnosis apparatus 1 is
configured to cause the display 103 to display the schematic
image 300 and either the ultrasound image or the tomo-
graphic image, in such a manner that the orientation of the
subject included in either the ultrasound image or the
tomographic image and the orientation of the subject indi-
cated in the schematic image 300 are close to each other, on
the basis of a result of an analysis performed on either the
ultrasound image or the image (the tomographic image)
based on the ultrasound image. More specifically, on the
basis of the result of the analysis performed on the tomo-
graphic image, the ultrasound diagnosis apparatus 1 is
configured to perform at least one selected from between a
rotating process and an inverting process on the schematic
image 300 and to cause the display 103 to display the
schematic image 300 resulting from the process, together
with the image (the tomographic image) based on the
ultrasound image.

[0057] With this arrangement, the ultrasound diagnosis
apparatus 1 according to the first embodiment is able to
cause the display 103 to display the part of the fetus rendered
in the tomographic image in the same orientation as the
orientation of the part of the fetus indicated in the schematic
image 300 resulting from the process. It is therefore possible
to reduce the strange feeling which the operator may expe-
rience while he/she is looking at the ultrasound image (the
tomographic image) and the schematic image 300. Further,
as one of the parameters explained above, the ultrasound
diagnosis apparatus 1 is able to calculate (measure) the
volume of the predetermined range of the part of the fetus
from the ultrasound image (the tomographic image) and to
calculate (estimate) an estimated fetal weight (EFW) by
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using the parameters. In this manner, by using the ultrasound
diagnosis apparatus 1 according to the first embodiment, the
operator is able to easily perform the measuring processes
while using the ultrasound image (the tomographic image).
[0058] In the following sections, functions of the image
generating function 141, the schematic image obtaining
function 142, the analyzing function 143, the image pro-
cessing function 144, and the display controlling function
145 that are executed by the image processing circuitry 140
will be explained, with reference to FIGS. 2 to 14.

[0059] FIG. 2 is a flowchart illustrating a procedure in a
process performed by the ultrasound diagnosis apparatus 1
according to the first embodiment. FIG. 2 illustrates the
flowchart explaining an operation (an image processing
method) of the entirety of the ultrasound diagnosis apparatus
1, to explain which step in the flowchart each of the
constituent elements corresponds.

[0060] Further, in FIGS. 3 to 14, an example will be
explained in which a thigh is used as a part of the fetus.
FIGS. 3 to 5 are drawings for explaining examples of
processes performed by the image generating function 141
of the ultrasound diagnosis apparatus 1 according to the first
embodiment. FIG. 6 is a drawing for explaining an example
of a process performed by the schematic image obtaining
function 142 of the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment. FIGS. 7 to 10 are drawings for
explaining examples of processes performed by the analyz-
ing function 143 of the ultrasound diagnosis apparatus 1
according to the first embodiment. FIGS. 11 to 14 are
drawings for explaining examples of processes performed
by the display controlling function 145 of the ultrasound
diagnosis apparatus 1 according to the first embodiment.
[0061] Step S101 in FIG. 2 is a step performed by the
ultrasound probe 101. At step S101, the ultrasound probe
101 is brought into contact with the body surface of the
patient P (the abdomen of the pregnant women), performs an
ultrasound scan on a region including a part (a thigh) of a
fetus in the uterus of the pregnant woman, and acquires
reflected-wave signals of the region as a result of the
ultrasound scan. The ultrasound probe 101 is an example of
a “scanning unit”.

[0062] Step S102 in FIG. 2 is a step performed as a result
of the image processing circuitry 140 invoking the program
corresponding to the image generating function 141 from the
storage circuitry 160. At step S102, the image generating
function 141 generates an ultrasound image rendering the
region including the thigh, on the basis of the reflected-wave
signals obtained by the ultrasound probe 101. In this situa-
tion, the image generating function 141 may generate the
ultrasound image by generating B-mode image data while
using the B-mode data generated by the B-mode processing
circuitry 120 or may generate the ultrasound image by using
the ultrasound image data stored in the image memory 150.
The image generating function 141 is an example of a
“generating unit”.

[0063] At step S102, the image generating function 141
generates an ultrasound image 200 illustrated in FIG. 3, for
example. The ultrasound image 200 illustrated in FIG. 3 is
a three-dimensional image (three-dimensional volume
image data) rendering the region including the thigh of the
fetus. From the ultrasound image 200, tomographic images
201 to 203 (FIGS. 3 to 5) are generated. The tomographic
images 201, 202, and 203 are tomographic images taken on
plane A, plane B, and plane C, respectively. In this situation,
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one tomographic image (a target tomographic image)
selected from among the tomographic images 201 to 203 is
used for designating the predetermined range of the thigh. In
the present embodiment, an example will be explained in
which the target tomographic image is the tomographic
image 201.

[0064] Step S103 in FIG. 2 is a step performed as a result
of the image processing circuitry 140 invoking the program
corresponding to the schematic image obtaining function
142 from the forage circuitry 160. At step S103, the sche-
matic image obtaining function 142 obtains the schematic
image 300 stored in the image memory 150. The schematic
image 300 is read from the image memory 150, when the
operator is to perform a measuring process by using the
ultrasound image 200 (the tomographic image 201). For this
reason, instead of being performed after step S102, step
S103 may be performed before step S101 or may be per-
formed between step S101 and step S102. The schematic
image obtaining function 142 is an example of an “obtaining
unit”.

[0065] For example, the schematic image 300 is toyed in
the image memory 150 while being kept in correspondence
with measured items. Examples of the measured items
include the “head (fetal head)”, the “abdomen”, a “thigh”, an
“upper arm”, of the fetus. For example, when measuring a
thigh of the fetus, the operator selects “thigh” as a measured
item. In that situation, at step S103, the schematic image
obtaining function 142 obtains the schematic image 300 kept
in correspondence with the measured item “thigh” from the
image memory 150.

[0066] As illustrated in FIG. 6, the schematic images 300
obtained by the schematic image obtaining function 142
schematically indicates, for example, the right leg of the
fetus including the thigh and includes: a thigh image region
301 that is an image region indicating the exterior shape of
the thigh of the fetus; and a femur image region 302 that is
an image region indicating the exterior shape of the bone
(the femur) in the thigh. In this situation, to guide operations
performed by the operator, the schematic image 300 illus-
trated in FIG. 6 may further include points 303 and 304
indicating the two ends of the femur of the fetus and a line
305 connecting the two ends (the points 303 and 304) to
each other. Examples of the operations performed by the
operator include an operation performed by the operator to
designate the two ends of the femur from the tomographic
image 201 while using the input interface 102, during the
process (a parameter measuring process) of measuring the
volume of the predetermined range of the thigh. As
explained herein, the schematic image 300 is an image
including information related to the measuring method (the
parameter measuring process) implemented on the part (the
thigh in the present example) of the fetus. The parameter
measuring process will be explained later.

[0067] Step S104 in FIG. 2 is a step performed as a result
of the image processing circuitry 140 invoking the program
corresponding to the analyzing function 143 from the stor-
age circuitry 160. At step S104, the analyzing function 143
analyzes the tomographic image 201 that is a target tomo-
graphic image of the ultrasound image 200 obtained at step
S102. The analyzing function 143 is an example of an
“analyzing unit”.

[0068] At step S104, as illustrated in FIG. 7, for example,
the analyzing function 143 detects: a thigh image region 211
that is an image region indicating the exterior shape of the



US 2020/0029937 A1l

thigh rendered in the tomographic image 201; and a femur
image region 212 that is an image region indicating the
exterior shape of the bone (the femur) in the thigh. Possible
methods for detecting the thigh image region 211 and the
femur image region 212 include a first method and a second
method described below.

[0069] In the first method, at first, the analyzing function
143 calculates a histogram of an image of the region of the
entire tissue or inside a Region of Interest (ROI) within the
tomographic image 201 and sets threshold values for detect-
ing the thigh image region 211 and he femur image region
212 with the histogram, as a first threshold value and a
second threshold value. Subsequently, the analyzing func-
tion 143 binarizes the image by using the first and the second
threshold values. For example, by eliminating noise while
using a morphology calculation or the like, the analyzing
function 143 detects the thigh image region 211 and the
femur image region 212 from the tomographic image 201.
[0070] In the second method, at first, a plurality of pieces
of data are prepared in each of which a known tomographic
image is kept in correspondence with a thigh image region
and a femur image region. The analyzing function 143 learns
the thigh image regions and the femur image regions from
the plurality of pieces of data by using a Convolutional
Neural Network (CNN). In this situation, because the algo-
rithm of the CNN or the like is empirically learned and
because the fetus grows in the uterus, the data used in the
learning process does not have to be data from the same
fetus. Subsequently, on the basis of the learning, the ana-
lyzing function 143 detects the thigh image region 211 and
the femur image region 212 from the tomographic image
201.

[0071] The analyzing function 143 generates this detec-
tion result as an analysis result. In other words, analysis
results include information indicating the thigh image region
211 and the femur image region 212 in the tomographic
image 201.

[0072] Further, at step S104, for example, the analyzing
function 143 detects the orientation of the femur from the
femur image region 212 in the tomographic image 201. As
a method for detecting the orientation of the femur, the
method described below may be used. This method can use
the same algorithm as the one used for measuring the femur
length (FL).

[0073] At first, as illustrated in FIG. 8, within the femur
image region 212 in the tomographic image 201, the ana-
lyzing function 143 searches for points P1 and P2 indicating
the two ends of the femur and a line L connecting the two
ends (the points P1 and P2) to each other. After that, the
analyzing function 143 detects an angle 0 of the line L as the
orientation of the femur, by calculating a bounding rectangle
while using a rotating calipers method or the like, for
example. For instance, the detected orientation of the femur
indicates that, when the width direction of the image is used
as a reference, the femur is tilted counterclockwise by the
angle 0.

[0074] The analyzing function 143 also generates this
detection result as an analysis result. In other words, the
analysis results further include information indicating the
orientation of the femur in the femur image region 212 in the
tomographic image 201.

[0075] Further, at step S104, for example, the analyzing
function 143 detects a positional relationship between the
thigh image region 211 and the femur image region 212 in
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the tomographic image 201. As a method for detecting the
positional relationship between the thigh image region 211
and the femur image region 212, the method described
below may be used.

[0076] At first, as illustrated in FIGS. 9 and 10, the
analyzing function 143 searches for a center of gravity Q1
of the thigh in the thigh image region 211 and searches for
center of gravity Q2 of the femur in the femur image region
212. For example, as illustrated in FIG. 9, when the center
of gravity Q1 is positioned on the right-hand side of the
center of gravity Q2, the positional relationship between the
thigh image region 211 and the femur image region 212 is
detected as a first positional relationship. In another
example, as illustrated in FIG. 10, when the center of gravity
Q1 is positioned on the left-hand side of the center of gravity
Q2, the positional relationship between the thigh image
region 211 and the femur image region 212 is detected as a
second positional relationship.

[0077] The analyzing function 143 also generates this
detection result as an analysis result. In other words, the
analysis results further include information indicating the
positional relationship (the first or the second positional
relationship) between the thigh image region 211 and the
femur image region 212 in the tomographic image 201.
[0078] Step S105 in FIG. 2 is a step performed as a result
of the image processing circuitry 140 invoking the program
corresponding to the image processing function 144 from
the storage circuitry 160. At step S105, the image processing
function 144 performs at least one selected from between a
rotating process and an inverting process on the schematic
image 300 obtained at step S103, on the basis of the analysis
results (the thigh image region 211 and the femur image
region 212 in the tomographic image 201, the orientation of
the femur, and the positional relationship between the thigh
image region 211 and the femur image region 212) obtained
at step S104. The image processing function 144 is an
example of a “processing unit”.

[0079] Step S106 in FIG. 2 is a step performed as a result
of the image processing circuitry 140 invoking the program
corresponding to the display controlling function 145 from
the storage circuitry 160. At step S106, as illustrated in FIG.
11, the display controlling function 145 causes the display
103 to display the tomographic images 201 to 203 of the
ultrasound image 200 obtained at step S102 and the sche-
matic image 300 resulting from the abovementioned process
performed at step S105. One tomographic image (the target
tomographic image) selected from among the tomographic
images 201 to 203 is used for designating the predetermined
range of the thigh. Accordingly, the display controlling
function 145 does not necessarily have to cause the display
103 to display all the tomographic images 201 to 203. The
display controlling function 145 may cause the display 103
to display the tomographic image 201 serving as the target
tomographic image and the schematic image 300 resulting
from the abovementioned process. The display controlling
function 145 is an example of a “display controlling unit”.
[0080] Next, a specific example will be explained in
which, as a result of the processes at steps S105 and S106,
the thigh rendered in the tomographic image 201 is dis-
played on the display 103 in the same orientation as the
orientation of the thigh indicated in the schematic image
300.

[0081] For example, as illustrated in FIG. 12, in the
analysis results, the positional relationship between the thigh
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image region 211 and the femur image region 212 is
indicated as the first positional relationship. In other words,
the center of gravity Q1 of the thigh in the thigh image
region 211 is positioned on the right-hand side of the center
of gravity Q2 of the femur in the femur image region 212.
In that situation, the image processing function 144 does not
invert the schematic image 300 obtained at step S103, so that
the display controlling function 145 causes the display 103
to display the schematic image 300 as is. For example, in
FIG. 12, the display 103 displays the schematic image 300
schematically indicating the right leg of the fetus including
the thigh.

[0082] In another example, as illustrated in FIG. 13, in the
analysis results, the positional relationship between the thigh
image region 211 and the femur image region 212 is
indicated as the second positional relationship. In other
words, the center of gravity Q1 of the thigh in the thigh
image region 211 is positioned on the left-hand side of the
center of gravity Q2 of the femur in the femur image region
212. In that situation, the image processing function 144
inverts he schematic image 300 obtained at step S103, so
that the display controlling function 145 causes the display
103 to display the schematic image 300 resulting from the
inverting process. For example, in FIG. 13, the display 103
displays a schematic image 310 schematically indicating the
left leg of the fetus including the thigh, as the schematic
image 300 resulting from the inverting process.

[0083] Inyet another example, as illustrated in FIG. 14, in
the analysis results, the orientation of the femur is indicated
as being tilted counterclockwise by the angle 8, when the
width direction of the image is used as a reference. In that
situation, the image processing function 144 rotates the
schematic image 300 obtained at step S103 counterclock-
wise by the angle 6, so that the display controlling function
145 causes the display 103 to display the schematic image
300 resulting from the rotating process. For example, in FIG.
14, the display 103 displays a schematic image 320 sche-
matically indicating the right leg of the fetus including the
thigh and having been rotated by the angle 8, as the
schematic image 300 resulting from the rotating process.

[0084] 1In yet another example, in the analysis results, it is
indicated that the positional relationship between the thigh
image region 211 and the femur image region 212 is the
second positional relationship and that the orientation of the
femur is tilted counterclockwise by the angle 6 when the
width direction of the image is used as a reference. In that
situation, the image processing function 144 inverts the
schematic image 300 obtained at step S103 and rotates the
inverted result counterclockwise by the angle 9, so that the
display controlling function 145 causes the display 103 to
display the schematic image 300 resulting from the inverting
and the rotating processes.

[0085] In the manner described above, steps S101 through
S106 are performed in a real-time manner. In other words,
every time an ultrasound image 200 is generated, the image
processing function 144 performs at least one selected from
between a rotating process and an inverting process on the
schematic image 300 on the basis of the analysis results from
the analysis performed on either the ultrasound image 200 or
the image (the tomographic image 201) based on the ultra-
sound image 200. Every time at least one of the processes is
performed, the display controlling function 145 causes the
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display 103 to display the schematic image 300 resulting
from the process and either the ultrasound image 200 or the
tomographic image 201.

[0086] Step S107 in FIG. 2 is a step performed by the input
interface 102, while the tomographic image 201 and the
schematic image 300 are displayed on the display 103. At
step S107, by using the input interface 102, the operator
performs operations to enlarge or reduce the size, to rotate,
and/or to move the tomographic image 201 serving as the
target tomographic image. For example, when the operator
performs a rotating operation to rotate the tomographic
image 201 by using the input interface 102 (step S107: Yes),
the processes at steps S104 through S106 explained above
are performed again. In that situation, at step S104, the
analyzing function 143 generates analysis results explained
above; at step S105, the image processing function 144
rotates the schematic image 300; and at step S106, the
display controlling function 145 causes the display 103 to
display the schematic image 300 resulting from the rotating
process.

[0087] In contrast, when no operation such as the rotating
operation described above or the like is performed within a
predetermined period of time (step S107: No), the process at
step S108 explained below will be performed.

[0088] Step S108 in FIG. 2 is a step performed as a result
of the image processing circuitry 140 invoking the program
corresponding to the estimating function 146 from the
storage circuitry 160. As explained above, by using the
ultrasound image, the ultrasound diagnosis apparatus 1 is
capable of measuring the parameter indicating the volume of
the predetermined range of the thigh from the tomographic
image 201 of the fetus, in addition to the parameters such as
the biparietal diameter (BPD), the head circumference (HC),
the abdominal circumference (AC), the femur length (FL),
the humerus length (HL), and the like of the fetus. For
example, by performing the parameter measuring process
(FIG. 15) explained below, the estimating function 146 is
configured to calculate (measure) the volume of the prede-
termined range of the thigh from the tomographic image
201, as one of the parameters. After that, by using the
parameters, the estimating function 146 is configured to
calculate (estimate) the estimated fetal weight (EFW).
[0089] Next, the process of measuring the volume of the
predetermined range of the thigh will specifically be
explained as a part (the parameter measuring process) of the
process at step S108. FIG. 15 is a flowchart illustrating a
procedure in the parameter measuring process performed by
the ultrasound diagnosis apparatus 1 according to the first
embodiment. FIG. 16 is a drawing for explaining an
example of a process performed by the estimating function
146 of the ultrasound diagnosis apparatus 1 according to the
first embodiment.

[0090] At step S201 in FIG. 15, at first, the two ends of the
femur rendered in the tomographic image 201 are desig-
nated. For example, as illustrated in FIG. 16, in the femur
image region 212 of the tomographic image 201, the points
P1 and P2 indicating the two ends of the femur are desig-
nated. The points P1 and P2 are designated by the estimating
function 146. Alternatively, the operator may designate the
points P1 and P2 by operating the input interface 102.
[0091] At step S202 in FIG. 15, when the points P1 and P2
indicating the two ends of the femur rendered in the tomo-
graphic image 201 have been designated, the estimating
function 146 determines a predetermined range of the thigh
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rendered in the tomographic image 201. For example, as
illustrated in FIG. 16, when a line connecting the two ends
(the points P1 and P2) of the femur to each other in the
tomographic image 201 is expressed as L, a predetermined
range D corresponds to a central part of the thigh image
region 211 in the tomographic image 201, while the length
thereof is set to a half of the distance between the two ends
of the femur (i.e., 12L).

[0092] At step S203 in FIG. 15, in the thigh image region
211, the estimating function 146 sets a plurality of cross-
sectional planes 400 that are orthogonal to the femur in the
predetermined range D, at regular intervals d. For example,
as illustrated in FIG. 16, when d=D/4 is satisfied, the number
of cross-sectional planes 400 in the predetermined range D
is five.

[0093] At step S204 in FIG. 15, the display controlling
function 145 causes the display 103 to display the plurality
of cross-sectional planes 400. As a method for displaying the
cross-sectional planes 400, the display controlling function
145 may cause the display 103 to display a new display
image including the plurality of cross-sectional planes 400
in the predetermined range D in the thigh image region 211
and the femur image region 212 in which the two ends (the
points P1 and P2) of the femur are designated, together with
the tomographic images 201 to 203 and the schematic image
300. Alternatively, the display controlling function 145 may
cause the display 103 to display the abovementioned display
image, separately from the tomographic images 201 to 203
and the schematic image 300.

[0094] At step S205 in FIG. 15, the contour of each of the
plurality of cross-sectional planes 400 is designated. For
example, as illustrated in FIG. 16, the contour of each of the
cross-sectional planes 400 is designated by the estimating
function 146 while using the brightness levels of the tomo-
graphic images 201 to 203. Alternatively, the contour of each
of the cross-sectional planes 400 may be designated by the
operator by drawing with the use of the input interface 102.
[0095] At step S206 in FIG. 15, the estimating function
146 calculates a volume Vol of the inside of the predeter-
mined range D of the thigh rendered in the tomographic
image 201, by using the contours and the intervals d of the
cross-sectional planes 400. In this situation, the volume Vol
can be expressed by Mathematical Formula 1.

= €8]
Vol= 521 {S; +Si)-d)

[0096] In Mathematical Formula 1, Si denotes the area of
an i-th cross-sectional plane 400, where i is an integer from
1 to (N-1). The letter “N” denotes the number of cross-
sectional planes 400 and is “5” in the example illustrated in
FIG. 16. Further, by using the calculated volume Vol as a
parameter, the estimating function 146 calculates (estimates)
the estimated fetal weight (EFW).

[0097] As explained above, when the ultrasound diagnosis
apparatus 1 according to the first embodiment is used, when
the ultrasound scan is performed on the region including a
part (the thigh) of the fetus, the image generating function
141 is configured to generate the ultrasound image 200
rendering the region including the thigh on the basis of a
result of the ultrasound scan. The schematic image obtaining
function 142 is configured to obtain the schematic image
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300 schematically indicating the thigh. In this situation,
when the region on which the ultrasound scan is performed
is a three-dimensional region, the ultrasound image 200 is a
three-dimensional image, so that the tomographic image 201
is generated from the three-dimensional image. Further, the
image processing function 144 performs at least one selected
from between a rotating process and an inverting process on
the schematic image 300, on the basis of the analysis results
from the analysis performed on the ultrasound image 200
(the tomographic image 201). The display controlling func-
tion 145 causes the display 103 to display the schematic
image 300 resulting from the process, together with the
image (the tomographic image 201) based on the ultrasound
image 200. With these arrangements, the ultrasound diag-
nosis apparatus 1 according to the first embodiment is
configured to cause the display 103 to display the thigh
rendered in the ultrasound image 200 (the tomographic
image 201) in the same orientation as the orientation of the
thigh indicated in the schematic image 300 resulting from
the process. It is therefore possible to reduce the strange
feeling which the operator may experience while looking at
the ultrasound image 200 (the tomographic image 201) and
the schematic image 300. As a result, by using the ultrasound
diagnosis apparatus 1 according to the first embodiment, the
operator is able to easily perform the measuring processes
using the ultrasound image 200 (the tomographic image
201).

[0098] Further, when the ultrasound diagnosis apparatus 1
according to the first embodiment is used, the analyzing
function 143 is configured to analyze the ultrasound image
200 (the tomographic image 201), so that the image pro-
cessing function 144 is configured to perform at least one
selected from between a rotating process and an inverting
process on the schematic image 300, on the basis of the
analysis results obtained by the analyzing function 143. For
example, the analyzing function 143 analyzes the orientation
of the bone (the femur) included in the part (the thigh) of the
fetus from the ultrasound image 200 (the tomographic image
201). The orientation of the femur is one of the analysis
results obtained by the analyzing function 143. On the basis
of the orientation of the femur, the image processing func-
tion 144 is configured to rotate the schematic image 300.
Further, the display controlling function 145 is configured to
cause the display 103 to display the schematic image 300
resulting from the rotating process, together with the image
(the tomographic image 201) based on the ultrasound image
200. With these arrangements, the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured
to cause the display 103 to display the thigh rendered in the
ultrasound image 200 (the tomographic image 201) in the
same orientation as the orientation of the thigh indicated in
the schematic image 300 resulting from the rotating process.
It is therefore possible to reduce the strange feeling which
the operator may experience while looking at the ultrasound
image 200 (the tomographic image 201) and the schematic
image 300.

[0099] Further, when the ultrasound diagnosis apparatus 1
according to the first embodiment is used, as an analysis
performed on the ultrasound image 200 (the tomographic
image 201), the analyzing function 143 is configured to
analyze the positional relationship between the image region
(the thigh image region 211) indicating the part (the thigh)
of the fetus and the bone image region (the femur image
region 212) indicating the bone (the femur) included in the
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thigh, from the ultrasound image 200 (the tomographic
image 201). More specifically, the analyzing function 143
analyzes the positional relationship between the center of
gravity of the thigh indicated in the thigh image region 211
and the center of gravity of the femur indicated in the femur
image region 212. The positional relationship is one of the
analysis results obtained by the analyzing function 143. On
the basis of the positional relationship, the image processing
function 144 is configured to invert the schematic image
300. Further, the display controlling function 145 is config-
ured to cause the display 103 to display the schematic image
300 resulting from the inverting process, together with the
image (the tomographic image 201) based on the ultrasound
image 200. With these arrangements, the ultrasound diag-
nosis apparatus 1 according to the first embodiment is
configured to cause the display 103 to display the thigh
rendered in the ultrasound image 200 (the tomographic
image 201) in the same orientation as the orientation of the
thigh indicated in the schematic image 300 resulting from
the inverting process. It is therefore possible to reduce the
strange feeling which the operator may experience while
looking at the ultrasound image 200 (the tomographic image
201) and the schematic image 300.

[0100] When the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment is used, when the region on
which an ultrasound scan is performed is a two-dimensional
region, the ultrasound image 200 is the tomographic image
201. In that situation, the display controlling function 145 is
configured to cause the display 103 to display the schematic
image 300 resulting from at least one selected from between
a rotating process and an inverting process, together with the
ultrasound image 200 (the tomographic image 201). In this
manner, even when the region on which the ultrasound scan
is performed is a two-dimensional region, the ultrasound
diagnosis apparatus 1 according to the first embodiment is
able to reduce the strange feeling which the operator may
experience while looking at the ultrasound image 20C (the
tomographic image 201) and the schematic image 300.
Further, in the first embodiment above, the example is
explained in which a part of the fetus is a thigh. However,
possible embodiments are not limited to this example. For
example, the first embodiment described above is applicable
to the situation where a part of the fetus is an upper arm.

[0101] Further, in the first embodiment described above,
another arrangement is also acceptable in which the operator
is able to switch between the situation where a part of the
fetus is a thigh and the situation where a part of the fetus is
an upper arm, by operating the input interface 102, so as to
calculate the volume Vol of the inside of the predetermined
range D for the thigh and for the upper arm.

[0102] Further, in the first embodiment described above,
the analyzing function 143 is configured to detect the bone
image region (e.g., the femur image region 212) as a bone
(e.g., the femur) included in a part (e.g., the thigh) of the
fetus, from the ultrasound image 200 (the tomographic
image 201) and is configured to detect the orientation of the
bone from the bone image region. However, it is not
necessarily always possible to accurately detect the orien-
tation of the bone. For example, there may be situations
where the bone is not rendered clearly in the tomographic
image 201 or where the bone is rendered only partially. In
those situations, when the image processing function 144
rotates the schematic image 300 on the basis of an inaccu-
rately detected orientation of the bone, there is a possibility
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that the operator may feel strange while he/she is looking at
the ultrasound image 200 (the tomographic image 201) and
the schematic image 300.

[0103] To cope with this problem, it is also acceptable to
perform the processes as follows: At step S104 in FIG. 2,
when having detected the bone image region (e.g., the femur
image region 212) as a bone (e.g., the femur) included in a
part (e.g., the thigh) of the fetus from the ultrasound image
200 (the tomographic image 201), the analyzing function
143 calculates a reliability of the detected bone image
region. At step S105 in FIG. 2, when the reliability calcu-
lated by the analyzing function 143 is higher than a threshold
value, the image processing function 144 performs at least
one selected from between a rotating process and an invert-
ing process on the schematic image 300, on the basis of the
analysis results obtained by the analyzing function 143.
[0104] Examples of the reliability calculated at step S104
by the analyzing function 143 include: a reliability (herein-
after, “reliability Ra”) of the aspect ratio of the bone image
region; a reliability (hereinafter, “reliability Rb”) of the ratio
of the bone image region to a screen size (the tomographic
image 201); and a reliability (hereinafter, “reliability Re”) of
a variance of a distribution of brightness levels in the bone
image region. In this situation, when the reliabilities Ra, Rb,
and Re are applied to a serial model, an overall reliability R
can be expressed as R=RaxRbxRc.

[0105] For example, when the reliability Ra, Rb, and Re
are each “0.9”, the overall reliability R is equal to “0.729”.
In this situation, when the threshold value is “0.7”, the
reliability R “0.729” is higher than the threshold value “0.7”.
Accordingly, at step S105, the image processing function
144 performs at least one selected from between a rotating
process and an inverting process on the schematic image
300, on the basis of the analysis results obtained by the
analyzing function 143. After that, at step S106, the display
controlling function 145 causes the display 103 to display
the schematic image 300 resulting from the process, together
with the ultrasound image 200 (the tomographic image 201).
At this time, the display controlling function 145 may cause
the display 103 to display the reliability R “0.729” as a
reliability of the ultrasound image 200 (the tomographic
image 201) or may cause the display 103 to display infor-
mation indicating that the reliability R is higher an the
threshold value.

[0106] On the contrary, when the reliability Ra, Rb, and
Re are “0.97, “0.8”, and “0.8”, respectively, an overall
reliability R is equal to “0.576”. In this situation, the
reliability R “0.576” is no higher than the threshold value
“0.7”. In that situation, at step S105, the image processing
function 144 does not perform either of the rotating and the
inverting processes on the schematic image 300. At step
S106, the display controlling function 145 causes the display
103 to display the schematic image 300 on which neither of
the processes has been performed, together with the ultra-
sound image 200 (the tomographic image 201). At this time,
the display controlling function 145 may cause the display
103 to display the reliability R “0.576” as a reliability of the
ultrasound image 200 (the tomographic image 201) or may
cause the display 103 to display information indicating that
the reliability R is no higher than the threshold value.

Second Embodiment

[0107] An overall configuration of the ultrasound diagno-
sis apparatus 1 according to a second embodiment is the
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same as the configuration illustrated in FIG. 1. Accordingly,
in the second embodiment, some of the explanations that are
duplicate of those in the first embodiment will be omitted.
[0108] With the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment, the example was explained in
which the schematic image 300 is represented by the bitmap
data. However, according to the image display method using
the bitmap data, the display 103 displays the schematic
image 300 as an array of points called dots (which herein-
after will be referred to as a “dot array”). For this reason,
every time the display controlling function 145 causes the
display 103 to display the schematic image 300 resulting
from at least one selected from between a rotating process
and an inverting process, the display controlling function
145 needs to perform the process of changing the dot array.
[0109] To cope with this situation, with the ultrasound
diagnosis apparatus 1 according to the second embodiment,
the schematic image 300 may be represented by vector data.
For example, in the second embodiment, the schematic
image 300 stored in the image memory 150 may be con-
verted from the bitmap data to the vector data in advance.
According to an image display method using the vector data,
the display 103 displays the schematic image 300 after a
calculating process is performed based on numerical value
data such as coordinates of points and lines (vectors) con-
necting the points, or the like. Accordingly, it is sufficient
when the display controlling function 145 performs a coor-
dinate transformation process when causing the display 103
to display the schematic image 300 resulting from at least
one selected from between a rotating process and an invert-
ing process. Consequently, the ultrasound diagnosis appa-
ratus 1 according to the second embodiment is able to reduce
the load of processing performed by the processor, in
comparison to that in the first embodiment.

[0110] Further, with the ultrasound diagnosis apparatus 1
according to the second embodiment, because the schematic
image 300 is represented by the vector data, another advan-
tageous effect is also achieved where the image quality is not
degraded. For example, when the operator performs an
operation to enlarge or reduce the tomographic image 201 by
using the input interface 102, the image processing function
144 enlarges or reduces the schematic image 300 in accor-
dance with the operation, so that the display controlling
function 145 causes the display 103 to display the schematic
image 300 resulting from the enlarging or reducing process.
When the schematic image 500 is represented by the bitmap
data, the image quality is degraded by the enlarging/reduc-
ing process. In contrast, when the schematic image 300 is
represented by the vector data, the image quality is not
degraded by the enlarging/reducing process.

Other Embodiments

[0111] It is possible carry out the present disclosure in
various different forms other than those explained in the
above embodiments.

[0112] In the above embodiments, the example is
explained in which the ultrasound image 200 rendering the
region including a part of the fetus is used as an ultrasound
image rendering a region including a part of a subject.
However, possible examples of ultrasound images to which
the image processing methods explained in the above
embodiments can be applied are not limited to this example.
For instance, the image processing methods according to the
present embodiments are similarly applicable to a situation
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where the ultrasound image 200 is an image rendering an
organ such as the heart as a region including a part of a
subject, so that the organ is measured by using the image.
[0113] Further, in the above embodiments, the display
controlling function 145 causes the display 103 to display
the schematic image 300 and either the ultrasound image
200 or the tomographic image 201, in such a manner that the
orientation of the subject included in either the ultrasound
image 200 or the tomographic image 201 and the orientation
of the subject indicated in the schematic image 300 are close
to each other, on the basis of the analysis results from the
analysis performed on either the ultrasound image 200 or the
image (tomographic image 201) based on the ultrasound
image 200. More specifically, at step S105, the image
processing function 144 performs at least one selected from
between rotating process and an inverting process on the
schematic image 300 on the basis of the analysis results. At
step S106, the display controlling function 145 causes the
display 103 to display the schematic image 300 resulting
from the process and either the ultrasound image 200 or the
tomographic image 201. However, possible embodiments
are not limited to this example.

[0114] In a modification example of the above embodi-
ments, for instance, at step S105, the image processing
function 144 may perform at least one selected from
between a rotating process and an inverting process on either
the ultrasound image 200 or the tomographic image 201, on
the basis of the analysis results. In that situation, at step
S106, the display controlling function 145 causes the display
103 to display the image (either the ultrasound image 200 or
the tomographic image 201) resulting from the process and
the schematic image 300.

[0115] In that situation also, the processes at steps S101
through S106 described above are performed in a real-time
manner. In other words, every time an ultrasound image 200
is generated, the image processing function 144 performs at
least one selected from between a rotating process and an
inverting process on either the ultrasound image 200 or the
tomographic image 201, on the basis of the analysis results
from the analysis performed on either the ultrasound image
200 or the image (the tomographic image 201) based on the
ultrasound image 200. Every time at least one of the
processes is performed, the display controlling function 145
causes the display 103 to display the image (either the
ultrasound image 200 or the tomographic image 201) result-
ing from the process and the schematic image 300.

[0116] Further, in another modification example of the
above embodiments, the image processing function 144
does not necessarily have to perform either of the rotating
and inverting processes on the image. For example, the
image memory 150 may store therein a plurality of sche-
matic images 300 taken at mutually-different angles so that
at step S105, the image processing function 144 searches for
a schematic image 300 rendering an orientation close to the
orientation of the subject included in either the ultrasound
image 200 or the tomographic image 201, from among the
plurality of schematic images 300 stored in the image
memory 150. In that situation, at step S106, the display
controlling function 145 causes the display 103 to display
the schematic image 300 found in the search, together with
either the ultrasound image 200 or the tomographic image
201.

[0117] More specifically, the image memory 150 stores
therein a plurality of schematic images 300 exhibiting the



US 2020/0029937 A1l

first positional relationship and a plurality of schematic
images 300 exhibiting the second positional relationship.
For example, when a part of the subject represents a thigh of
the fetus, as explained above, the first positional relationship
denotes that the center of gravity Q1 of the thigh is posi-
tioned on the right-hand side of the center of gravity Q2 of
the femur (see FIG. 9), whereas the second positional
relationship denotes that the center of gravity Q1 of the thigh
is positioned on the left-hand side of the center of gravity Q2
of the femur (see FIG. 10). For example, the plurality of
schematic images 300 exhibiting the first positional rela-
tionship are obtained by rotating a schematic image 300
exhibiting the first positional relationship and being used as
a reference, by one degree at a time from -90 degrees to 90
degrees. For example, the plurality of schematic images 300
exhibiting the second positional relationship are obtained by
rotating a schematic image 300 exhibiting the second posi-
tional relationship and being used as a reference, by one
degree at a time from 90 degrees to 90 degrees.

[0118] For instance, let us discuss an example in which the
obtained analysis results indicate that the positional rela-
tionship between the thigh image region 211 and the femur
image region 212 in the tomographic image 201 is the first
positional relationship (see FIG. 12), while the orientation of
the femur is tilted counterclockwise by the angle 6 when the
width direction of the image is used as a reference (FIG. 14).
In this situation, the image processing function 144 selects
a schematic image 300 in which the orientation of the femur
is tilted counterclockwise by the angle 8, from among the
plurality of schematic images 300 exhibiting the first posi-
tional relationship and being stored in the image memory
150. When there is no schematic image 300 in which the
femur is tilted counterclockwise by the angle 8, the image
processing function 144 selects one of the schematic images
300 in which the orientation of the femur is tilted counter-
clockwise at an angle closest to the angle 6. Further, the
display controlling function 145 causes the display 103 to
display the selected schematic image 300 and either the
ultrasound image 200 or the tomographic image 201.

[0119] Similarly, for instance, let us discuss another
example in which the obtained analysis results indicate that
the positional relationship between the thigh image region
211 and the femur image region 212 in the tomographic
image 201 is the second positional relationship (see FIG.
13), while the orientation of the femur is tilted clockwise by
the angle 0 when the width direction of the image is used as
a reference. In this situation, the image processing function
144 selects a schematic image 300 in which the orientation
of the femur is tilted clockwise by the angle 8, from among
the plurality of schematic images 300 exhibiting the second
positional relationship and being stored in the image
memory 150. When there is no schematic image 300 in
which the femur is tilted clockwise by the angle 6, the image
processing function 144 selects one of the schematic images
300 in which the orientation of the femur is tilted clockwise
at an angle closest to the angle 0. Further, the display
controlling function 145 causes the display 103 to display
the selected schematic image 300 and either the ultrasound
image 200 or the tomographic image 201.

[0120] In the above embodiments, the example is
explained in which, at step S104, the analyzing function 143
analyzes the orientation of the bone included in the part of
the subject from either the ultrasound image 200 or the
image (the tomographic image 201) based on the ultrasound
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image 200, so that at step S105, the image processing
function 144 rotates the schematic image 300 on the basis of
the orientation of the bone; however, possible embodiments
are not limited to this example. Another arrangement is also
acceptable in which, at step S104, the analyzing function
143 analyzes the orientation of a structure included in a part
of the subject, from either the ultrasound image 200 or the
image (tomographic image 201) based on the ultrasound
image 200 so that, at step S105, the image processing
function 144 rotates the schematic image 300 on the basis of
the orientation of the structure. In this situation, examples of
the structure include a valve of the heart, a blood vessel, and
the like.
[0121] Further, possible embodiments are not limited to
the embodiments described above. For instance, the image
processing circuitry 140 may be a workstation provided
separately from the ultrasound diagnosis apparatus 1. In that
situation, the workstation includes processing circuitry that
is the same as the image processing circuitry 140, so as to
perform the processes described above.
[0122] Further, the constituent elements of the apparatuses
and the devices illustrated in the drawings of the embodi-
ments are based on functional concepts. Thus, it is not
necessary to physically configure the constituent elements as
indicated in the drawings. In other words, specific modes of
distribution and integration of the apparatuses and the
devices are not limited to those illustrated in the drawings.
It is acceptable to functionally or physically distribute or
integrate all or a part of the apparatuses and the devices in
any arbitrary units, depending on various loads and the
status of use. Further, all or an arbitrary part of the process-
ing functions performed by the apparatuses and the devices
may be realized by a CPU and a program analyzed and
executed by the CPU or may be realized as hardware using
wired logic.
[0123] Further, the image processing methods explained
in the above embodiments may be realized by causing a
computer such as a personal computer or a workstation to
execute an image processing program prepared in advance.
The image processing program may be distributed via a
network such as the Internet. Further, the image processing
program may be recorded on a computer-readable non-
transitory recording medium such as a hard disk, a flexible
disk (FD), Compact Disk Read-Only Memory (CD-ROM),
a Magneto-Optical (MO) disk, a Digital Versatile Disk
(DVD), or the like, so as to be executed as being read from
the recording medium by a computer.
[0124] According to at least one aspect of the embodi-
ments described above, the operator is able to easily perform
the measuring processes by using the ultrasound image.
[0125] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising process-
ing circuitry configured:
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to generate an ultrasound image on a basis of a result of
an ultrasound scan performed on a region including a
part of a subject;
to obtain a schematic image schematically indicating the
part of the subject; and
to cause a display to display the schematic image and
either the ultrasound image or an image based on the
ultrasound image, in such a manner that an orientation
of the subject included in either the ultrasound image or
the image based on the ultrasound image and an
orientation of the subject indicated in the schematic
image are close to each other, on a basis of an analysis
result from an analysis performed on either the ultra-
sound image or the image based on the ultrasound
image.
2. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry causes the display to
display the schematic image and either the ultrasound image
or the image based on the ultrasound image, in such a
manner that the orientation of the subject included in either
the ultrasound image or the image based on the ultrasound
image is same as the orientation of the subject indicated in
the schematic image.
3. The ultrasound diagnosis apparatus according to claim
1, wherein
on the basis of the analysis result, the processing circuitry
performs at least one selected from between a rotating
process and an inverting process on the schematic
image, and
the processing circuitry causes the display to display a
schematic image resulting from the process and either
the ultrasound image or the image based on ultrasound
image.
4. The ultrasound diagnosis apparatus according to claim
3, wherein
every time an ultrasound image is generated, the process-
ing circuitry performs at least one selected from
between the rotating process and the inverting process
on the schematic image, on the basis of the analysis
result, and
every time at least one of the processes is performed, the
processing circuitry causes the display to display the
schematic image resulting from the process and either
the ultrasound image or the image based on the ultra-
sound image.
5. The ultrasound diagnosis apparatus according to claim
1, wherein
on the basis of the analysis result, the processing circuitry
performs at least one selected from between a rotating
process and an inverting process on either the ultra-
sound image or the image based on the ultrasound
image, and
the processing circuitry causes the display to display an
image resulting from the process and the schematic
image.
6. The ultrasound diagnosis apparatus according claim 5,
wherein
every time an ultrasound image is generated, the process-
ing circuitry performs at least one selected from
between the rotating process and the inverting process
on either the ultrasound image or the image based on
the ultrasound image, on the basis of the analysis result,
and
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every time at least one of the processes is performed, the
processing circuitry causes the display to display an
image resulting from the process and the schematic
image.

7. The ultrasound diagnosis apparatus according to claim
1, wherein the subject is a fetus.

8. The ultrasound diagnosis apparatus according to claim
7, wherein the schematic image is an image including
information about a measuring method implemented on a
part of the fetus.

9. The ultrasound diagnosis apparatus according to claim
1, wherein

the region is a three-dimensional region,

the ultrasound image is a three-dimensional image, and

the image based on the ultrasound image is a tomographic

image generated from the three-dimensional image.

10. The ultrasound diagnosis apparatus according to claim
1, wherein

the region is a two-dimensional region, and

the ultrasound image is a tomographic image.

11. The ultrasound diagnosis apparatus according to claim
3, wherein

the processing circuitry performs the analysis on either

the ultrasound image or the image based on the ultra-
sound image, and

on the basis of the analysis result from the analysis, the

processing circuitry performs at least one selected from
between the rotating process and the inverting process
on the schematic image.

12. The ultrasound diagnosis apparatus according to claim
11, wherein

the processing circuitry analyzes an orientation of a

structure included in the part of the subject from either
the ultrasound image or the image based on the ultra-
sound image, and

the processing circuitry rotates the schematic image on a

basis of the orientation of the structure.

13. The ultrasound diagnosis apparatus according to claim
11, wherein

the processing circuitry analyzes an orientation of a bone

included in the part of the subject from either the
ultrasound image or the image based on the ultrasound
image, and

the processing circuitry rotates the schematic image on a

basis of the orientation of the bone.
14. The ultrasound diagnosis apparatus according to claim
11, wherein
from either the ultrasound image or the image based on
the ultrasound image, the processing circuitry analyzes
a positional relationship between an image region indi-
cating the part of the subject and a bone image region
indicating a bone included in the part of the subject, and

the processing circuitry inverts the schematic image on
the basis of the positional relationship.

15. The ultrasound diagnosis apparatus according to claim
14, wherein the processing circuitry analyzes a positional
relationship between a center of gravity of the part of the
subject indicated in the image region and a center of gravity
of the bone indicated in the bone image region.

16. The ultrasound diagnosis apparatus according to claim
11, wherein

upon detecting, from the ultrasound image, a bone image

region indicating a bone included in the part of the
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subject, the processing circuitry calculates a reliability
of the detected bone image region, and
when the reliability is higher than a threshold value, the
processing circuitry performs at least one selected from
between the rotating process and the inverting process
on the schematic image, on the basis of the analysis
result from the analysis.
17. The ultrasound diagnosis apparatus according to claim
1, wherein the part of the subject is either an upper arm or
a thigh.
18. The ultrasound diagnosis apparatus according to claim
1, wherein the schematic image is represented by vector
data.
19. An image processing method comprising:
generating an ultrasound image on a basis of a result of an
ultrasound scan performed on a region including a part
of a subject;
obtaining a schematic image schematically indicating the
part of the subject; and
causing a display to display the schematic image and
either the ultrasound image or an image based on the
ultrasound image, in such a manner that an orientation
of the subject included in either the ultrasound image or
the image based on the ultrasound image and an
orientation of the subject indicated in the schematic
image are close to each other, on a basis of an analysis
result from an analysis performed on either the ultra-
sound image or the image based on the ultrasound
image.
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