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to the present invention includes: a three-dimensional
data generation unit (105) which generates three-dimen-
sional data for each region in the body of a subject based
on reflected waves reflecting back from the body of the
subject after ultrasound waves have been transmitted
towards the body of the subject; a measurement image
selection unit (106a) which respectively selects, for each
region, one of the two-dimensional cross-sections that

reference image used for measuring a length of each
region in the body of the subject; a measurement and
calculation unit (112) which measures a length of each
region in the body of the subject using the respectively
selected measurement reference image, and calculates
an estimated weight of the subject using the measured
lengths; and a display unit (111) which outputs the esti-
mated weight thus calculated.
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Description
[Technical Field]

[0001] The present invention relates to ultrasound diagnostic apparatuses, and particularly relates to an ultrasound
diagnostic apparatus used for examination on the growth of a fetus.

[Background Art]

[0002] Ultrasound-based diagnostic imaging, by its nature of utilizing sound waves, affects less the human body.
Therefore, the ultrasound-based diagnostic imaging is often used for prenatal checkups, and the condition in which a
fetus grows is examined with reference to the ultrasound images of the fetus during a checkup.

[0003] For the examination on the condition of a growing fetus, it is a well-known method to calculate an estimated
weight of the fetus based on the ultrasound images. More specifically, the estimated fetal weightis calculated by measuring
the lengths of specific regions (head, abdomen, and thigh) of the fetus in the mother’s uterus and substituting the
measured values into a formula used for the estimation of the fetal weight.

[0004] In the general operation performed in the ultrasound-based diagnostic imaging, the examiner firstly operates
a probe in such a manner that the specific regions of a fetus are delineated. Then, the examiner adjusts the probe so
that the cross-sectional images which are appropriate for the use in the measurement can be obtained, and allows the
measurement images of the specific regions to be displayed. The examiner then measures, on the respective meas-
urement images, a biparietal diameter (BPD) for the head, an abdominal circumference (AC) for the abdomen, and a
femoral length (FL) for the thigh, of the fetus. The estimated fetal weight can be obtained by inputting the values which
have resulted from the respective measurements into the estimated fetal weight calculation formula as shown in Formula
1 below.

Estimated weight (g)=1.07BPD>+3.00x10 'AC?*xFL (Formula

1)

[0005] Here, BPD (biparietal diameter/cm), AC (abdominal circumference/cm), and FL (femoral length/cm) are the
lengths of the regions respectively shown in FIG. 16. FIG. 16 is a diagram illustrating the specific regions of a fetus which
are used for the estimated fetal weight calculation formula.

[0006] According to such conventional method, an estimated fetal weight can be obtained by measuring the lengths
of the BPD, the AC, and the FL after the respective appropriate measurement images (hereafter referred to as "meas-
urement reference images") have been displayed. Then, by comparing the estimated fetal weight thus obtained and the
statistical data of estimated fetal weight, it is possible to examine the condition of a growing fetus.

[0007] With the conventional method, however, in the case where the measurement reference images are inappro-
priate, that is, the case in which the respective measurement reference images are not displayed in an appropriate
manner so as to measure the lengths of the BPD, the AC, and the FL, it is impossible to accurately measure these
lengths. For example, in the case of displaying a thighbone in the thigh, the thighbone may be displayed with the length
shorter than its actual length on the measurement reference image if the angle between the probe and the thighbone is
not appropriate. The same applies to the head and the abdomen, and the lengths of the biparietal diameter and the
abdominal circumference may be displayed with the lengths longer than their actual lengths depending on the angle
that is respectively made with the probe.

[0008] Therefore, in order to properly obtain an estimated fetal weight, the examiner has to operate the probe carefully
so as to obtain appropriate measurement reference images and thus determine appropriate measurement reference
images. In other words, whether or not an estimated fetal weight can be properly obtained (whether the measurement
reference images determined by the examiner enable accurate measurements of the BPD, the AC, and the FL) depends
on the skills and knowledge of the examiner. This is attributed to the fact that the location and the position of a fetus
always change during the examination.

[0009] In response to this problem, there is disclosed a technique of obtaining voxel data that compose a three-
dimensional region, through the transmission and reception of ultrasound waves, and setting a cut plane for the voxel
data so as to obtain cross-sectional images at arbitrary angles (see reference to PTL1). With the use of the method
suggested in PTL1 for the obtainment of the measurementreference images as described above, the examiner is capable
of setting appropriate cut planes after having obtained the voxel data of a fetus during the operation of the probe. In
other words, it is possible to set appropriate measurement reference images regardless of the skills of the examiner.
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[Citation List]
[Patent Literature]
[0010]
[PTL 1] Japanese Unexamined Patent Application Publication No. H9-308630
[Summary of Invention]
[Technical Problem]

[0011] However, with the conventional configuration using the technique disclosed in the aforementioned PTL 1,
although the influence caused by the dependence on the examiner’s skills is reduced, the examiner needs to set cut
planes, and thus, whether or not appropriate measurement reference images can be obtained still depends on the
judgments of the examiner. That is to say, the problem, which is caused by the fact that the examiner has to judge
whetherthe respective measurement reference images are appropriate for the measurements and has to give instructions
based on the judgments, still remains to be solved.

[Solution to Problem]

[0012] The present invention solves the aforementioned conventional problem and has an object to provide an ultra-
sound diagnostic apparatus capable of reducing the dependence on the examiner and calculating an estimated fetal
weight with high accuracy and easy operation.

[0013] In order to solve the conventional problem, the ultrasound diagnostic apparatus according to an embodiment
of the present invention includes: a three-dimensional data generation unit configured to generate three-dimensional
data for one or more regions in a body of a subject based on reflected waves reflecting back from the body of the subject
after ultrasound waves have been transmitted towards the body of the subject; a measurement image selection unit
configured to select, based on an intensity of the reflected waves, one of two-dimensional cross-sections that compose
the three-dimensional data, as a measurement reference image used for measuring a length of each region in the body
of the subject; a measurement and calculation unit configured to measure the length of each region in the body of the
subject using the selected measurement reference image, and to calculate an estimated weight of the subject using the
measured lengths; and an output unit configured to output the calculated estimated weight.

[0014] With this configuration, it is possible to realize the ultrasound diagnostic apparatus capable of reducing the
dependence on the examiner and calculating an estimated fetal weight with high accuracy and easy operation.

[0015] Here, the measurement image selection unit may include: a hyperechoic region extraction unit configured to
extract, from the three-dimensional data, a hyperechoic region which is a region corresponding to the reflected waves
having a reflection intensity that is greater than a threshold value; a cut plane obtainment unit configured to obtain two-
dimensional cross-sections that compose the three-dimensional data, by cutting the three-dimensional data based on
a three-dimensional feature of the extracted hyperechoic region; and a reference image selection unit configured to
select one of the two-dimensional cross-sections as the measurement reference image used for measuring the length
of the region in the body of the subject.

[0016] With this configuration, it is possible to select, with high accuracy, a cross-section appropriate for measurement
by narrowing down the number of appropriate cut planes based on the three-dimensional features of a hyperechoic
region so as to obtain an appropriate cut plane.

[0017] Itshould be noted thatthe presentinvention may beimplemented, notonly as an ultrasound diagnostic apparatus
such as that described herein, but also as a method, having as steps, the processing units configuring the ultrasound
diagnostic apparatus, and also as a program which causes a computer to execute such characteristic steps, and even
as information, data or a signal which indicates the program. In addition, such a program, information, data, and signal
can be distributed via a recording medium such as a CD-ROM and via a transmitting medium such as the Internet.

[Advantageous Effects of Invention]
[0018] According to the present invention, it is possible to realize an ultrasound diagnostic apparatus capable of

reducing the dependency on the examiner and calculating an estimated fetal weight with high accuracy and easy oper-
ation.
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[Brief Description of Drawings]
[0019]

[FIG. 1] FIG. 1is a block diagram showing an outline of an ultrasound diagnostic apparatus according to Embodiment
1 of the present invention.

[FIG.2]FIG. 2is apattern diagram of previously-prepared template data which represents three-dimensional features
of an abdomen of a fetus, according to Embodiment 1 of the present invention.

[FIG. 3]FIG. 3is apattern diagram of previously-prepared template data which represents three-dimensional features
of a head of a fetus, according to Embodiment 1 of the present invention.

[FIG.4]FIG. 4 is apattern diagram of previously-prepared template data which represents three-dimensional features
of a thigh of a fetus, according to Embodiment 1 of the present invention.

[FIG. 5] FIG. 5 is a pattern diagram for describing features of a measurement cross-section to be used for a meas-
urement of a biparietal diameter (BPD) in the head of a fetus.

[FIG. 6] FIG. 6 is a pattern diagram for describing features of a measurement cross-section to be used for a meas-
urement of an abdominal circumference (AC) in the abdomen of a fetus.

[FIG. 7A] FIG. 7A is a pattern diagram for describing features of a measurement cross-section to be used for a
measurement of a femoral length (FL) in the thigh of a fetus.

[FIG. 7B] FIG. 7B is a diagram schematically showing a measurement cross-section with which the FL of a fetus is
measured incorrectly.

[FIG. 8] FIG. 8 is a flowchart for describing a measurement reference image selection process performed by the
ultrasound diagnostic apparatus according to Embodiment 1 of the present invention.

[FIG. 9] FIG. 9 is a flowchart for describing the processing that is up to the process of calculating an estimated
weight of a subject, according to Embodiment 1 of the present invention.

[FIG.10] FIG. 10 is a flowchart showing a measurement reference image selection process performed for the head
of a fetus by the ultrasound diagnostic apparatus according to Embodiment 1 of the present invention.

[FIG.11] FIG. 11 is a flowchart showing a measurement reference image selection process performed for the ab-
domen of a fetus by the ultrasound diagnostic apparatus according to Embodiment 1 of the present invention.
[FIG.12] FIG. 12 is a flowchart showing a measurement reference image selection process performed for the thigh
of a fetus by the ultrasound diagnostic apparatus according to Embodiment 1 of the present invention.

[FIG.13] FIG. 13 is a block diagram showing an outline of an ultrasound diagnostic apparatus according to Embod-
iment 2 of the present invention.

[FIG.14] FIG. 14 is a flowchart for describing a measurement reference image selection process performed by the
ultrasound diagnostic apparatus according to Embodiment 2 of the present invention.

[FIG.15] FIG. 15 is a diagram showing a minimal configuration of the ultrasound diagnostic apparatus according to
the present invention.

[FIG.16] FIG. 16 is a diagram showing specific regions of a fetus which are used for an estimated fetal weight
calculation formula.

[Description of Embodiments]

[0020] Hereinafter, embodiments of the present invention shall be described with reference to the accompanying
Drawings.

[Embodiment 1]

[0021] FIG. 1is a block diagram showing an outline of an ultrasound diagnostic apparatus according to Embodiment
1 of the present invention.

[0022] An ultrasound diagnostic apparatus 1 shown in FIG. 1 is configured of an ultrasound diagnostic apparatus main
body 100, a probe 101, an operation receiving unit 110, and a display unit 111.

[0023] The ultrasound diagnostic apparatus main body 100 includes a control unit 102, a transmission and reception
unit 103, a B-mode image generation unit 104, a three-dimensional data generation unit 105, a measurement image
selection unit 106a which includes a hyperechoic region extraction unit 106, a cut plane obtainment unit 107, and a
measurement reference image selection unit 108, a data storage unit 109, a measurement and calculation unit 112, and
an output unit 113.

[0024] The probe 101 is connected to the ultrasound diagnostic apparatus main body 100, and ultrasound transducers
for transmitting and receiving ultrasound waves are arranged in the probe 101. The probe 101 transmits ultrasound
waves according to an instruction from the transmission and reception unit 103, and receives, as echo signals, reflected
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waves (ultrasound reflected signals) from the body of the subject. The probe 101 also includes a motor which allows
the ultrasound transducers to vibrate in a direction that is vertical to a scanning direction. Therefore, when the body of
the subject is scanned using the probe 101, the ultrasound transducers scan the body while vibrating, and thus cross-
sectional data in the direction vertical to the scanning direction can be obtained based on the echo signals. It should be
noted that the probe 101 is not limited to a probe that has a vibration mechanism. For instance, a drive of the ultrasound
transducers that are arranged in a matrix in a two-dimensional array probe may be used, or a mechanism which allows
the probe 101 to move parallel at a constant speed can also be used. All that is needed for the probe 101 is a means
to three-dimensionally transmit and receive the ultrasound waves.

[0025] The control unit 102 controls the respective units in the ultrasound diagnostic apparatus main body 100. Note
that although it is not specifically stated hereafter, the control unit 102 governs the respective units and operates these
units while controlling the operation timings and others.

[0026] The transmission and reception unit 103 transmits, to the probe 101, an instruction signal for generating ultra-
sound waves by driving the ultrasound transducers of the probe 101, and also receives the ultrasound reflected signals
from the probe 101.

[0027] The B-mode image generation unit 104 generates B-mode images based on the ultrasound reflected signals
received by the transmission and reception unit 103. Specifically, the B-mode image generation unit 104 performs, on
the ultrasound reflected signals, filtering processing, and then, envelope detection. In addition, the B-mode generation
unit 104 performs logarithmic conversion and gain adjustment on the detected signals and outputs the signals that have
been converted and adjusted. It should be noted that B-mode is a method to display images by changing the brightness
according to the intensity of the ultrasound reflected signals. A B-mode image is a cross-sectional image depicted by
changing the intensity of the ultrasound reflected signals into brightness, by changing the ultrasound wave transmission
and reception directions in such a way that the probe scans not only in a single scanning direction but scans sequentially
along the scanning direction of the probe.

[0028] Thethree-dimensional data generation unit 105 generates three-dimensional data representing an object which
is a region in the body of the subject, based on reflected waves reflecting back from the body of the subject after the
ultrasound waves have been transmitted towards the body of the subject. Specifically, the three-dimensional data gen-
eration unit 105 generates three-dimensional data based on plural B-mode image data generated by the B-mode image
generation unit 104. To be more specific, the three-dimensional data generation unit 105 generates three-dimensional
data by performing resampling of the pixel values of the B-mode images into three-dimensional coordinate positions.
The three-dimensional data generation unit 105 thus reconstitutes the B-mode image data into data that represents the
object having a three-dimensional volume, although the details may differ depending on the method used for changing
the ultrasonic wave transmitting and receiving directions.

[0029] The measurement image selection unit 106a selects, based on the intensity of the reflected waves, one of the
two-dimensional cross-sections that compose the three-dimensional data, as a measurement reference image used for
measuring a length of the region in the body of the subject. The measurement reference image selection unit 106a
includes the hyperechoic region extraction unit 106, the cut plane obtainment unit 107, and the measurement reference
image selection unit 108, as has already been mentioned above. The following gives, in more detail, the description of
these processing units.

[0030] The hyperechoic region extraction unit 106 extracts, from the three-dimensional data, a hyperechoic region
which is a region corresponding to the ultrasound reflected signals having a reflection intensity that is greater than a
threshold value. Specifically, the hyperechoic region extraction unit 106 extracts only the data that represents such
hyperechoic region from the three-dimensional data generated by the three-dimensional data generation unit 105. Here,
a hyperechoic region is a region in which the reflection is stronger than the reflections of the neighboring regions whereas
a hypoechoic region is a region in which the reflection is weaker than the reflections of the neighboring regions. Thus,
with the setting of an appropriate threshold value, the hyperechoic region extraction unit 106 can extract only the data
that represents the hyperechoic region, by comparing a three-dimensional data value and the threshold value. In this
case, due to the fact that the subject is a fetus, a bone region is mainly extracted as such hyperechoic region.

[0031] It should be noted that, in order to prevent the extraction result from being affected by the data condition such
as gain variation, it is desirable to firstly obtain a threshold value using a discrimination analysis method, and compare
with the threshold value after binarization is performed.

[0032] In this manner, the hyperechoic region extraction unit 106 extracts the three-dimensional features of the hy-
perechoic region (mainly bone region) as a result of extracting, from the three-dimensional data, the data that represents
the hyperechoic region.

[0033] The cut plane obtainment unit 107 obtains two-dimensional images which compose the three-dimensional data,
by cutting the object represented by the three-dimensional data, based on the three-dimensional features of the extracted
hyperechoic region. Specifically, the cut plane obtainment unit 107 obtains two-dimensional images (cut planes) by
cutting, at a plane, the object represented by the three-dimensional data generated by the three-dimensional data
generation unit 105, based on the three-dimensional features of the hyperechoic region extracted by the hyperechoic
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region extraction unit 106.

[0034] More specifically, the cut plane obtainment unit 107 firstly determines an orientation of a cut plane that is a
plane at which the object represented by the three-dimensional data is cut based on the three-dimensional features of
the hyperechoic region extracted by the hyperechoic region extraction unit 106, and then determines a cutting region
which is a region to be cut in the object represented by the three-dimensional data. In other words, the cut plane
obtainmentunit 107 compares (matches) the three-dimensional data generated by the three-dimensional data generation
unit 105 and plural previously-prepared template data which respectively represent the three-dimensional features of
the respective specific regions. In the case where the three-dimensional data matches one of the template data, the cut
plane obtainment unit 107 determines a three-dimensional region (the object represented by the three-dimensional data)
which corresponds to the template data to be the cutting region, and also determines the orientation of the cut plane
(the orientation of a surface normal of the cut plane) based on the template data. Then, the cut plane obtainment unit
107 obtains cut planes in the determined cutting region using the determined orientation. In other words, the cut plane
obtainment unit 107 obtains the cut planes (two-dimensional images) which have the surface normal of the determined
orientation.

[0035] FIG. 2 is a pattern diagram of the previously-prepared template data that represents the three-dimensional
features of the head of a fetus. As shown in FIG. 2, the template data representing the head of a fetus is created based
on a skull, a dura mater, and a septum pellucidum, and thus represents the locations and the three-dimensional forms
of the skull, the dura mater, and the septum pellucidum. The data representing the three-dimensional forms shows that
the head is formed in a spherical configuration composed of the skull that has a structure in which curved planes are
combined.

[0036] Here, it is assumed that the cut plane obtainment unit 107 compares (matches) the three-dimensional data
generated by the three-dimensional data generation unit 105 and the respective previously-prepared template data, and
the three-dimensional data matches the most with the template data representing the head of a fetus. In such case, the
cut plane obtainment unit 107 determines an area that longitudinally traverses the septum pellucidum to be the cutting
region, and determines a plane that is vertical to the data representing the septum pellucidum for the orientation of the
cutplane. Specifically, in the case where the three-dimensional data matches the most with the template data representing
the head of a fetus, the cut plane obtainment unit 107 firstly extracts a median plane of the skull (dura mater) based on
the three-dimensional features of the hyperechoic region, and then extracts the septum pellucidum (hypoechoic region)
that is longitudinally traversed by the extracted median plane. Then, the cut plane obtainment unit 107 determines the
plane that is vertical to the median plane of the skull (dura mater) for the orientation of the cut plane, and determines
the area that longitudinally traverses the septum pellucidum (hypoechoic region) to be the cutting region. In this way,
the cut plane obtainment unit 107 obtains the cut plane of the head of a fetus based on the bone and the dura mater
which are hyperechoic regions.

[0037] FIG. 3isa patterndiagram of the previously-prepared template data representing the three-dimensional features
of the abdomen of a fetus. As shown in FIG. 3, the template data representing the abdomen of a fetus is created based
on a spine and rib bones, and thus represents the locations and the three-dimensional forms of the spine and the rib
bones. The data representing the three-dimensional forms shows that the abdomen is composed of the column-shaped
spine which is a collection of bones, and the rib bones which form a symmetrical shape and are made up of bars.
[0038] Here, it is assumed that the cut plane obtainment unit 107 compares (matches) the three-dimensional data
generated by the three-dimensional data generation unit 105 and the respective previously-prepared template data, and
the three-dimensional data matches the most with the template data representing the abdomen of a fetus. In such case,
the cut plane obtainment unit 107 determines, for the orientation of the cut plane, a plane that is vertical to the data
representing the spine, and determines an area that traverses only the spine to be the cutting region. Specifically, in the
case where the three-dimensional data matches the most with the template data representing the abdomen of a fetus,
the cut plane obtainment unit 107 firstly extracts a columnar region (hyperechoic region) which is the spine, based on
the three-dimensional features of the hyperechoic region. Then, the cut plane obtainment unit 107 determines the plane
that is vertical to the extracted columnar region (hyperechoic region) for the orientation of the cut plane, and determines
the area that longitudinally traverses only the spine to be the cutting region. In this way, the cut plane obtainment unit
107 obtains the cut plane of the abdomen of a fetus based on the bone which is hyperechoic region.

[0039] FIG.4isapatterndiagram of the previously-prepared template data representing the three-dimensional features
of the thigh of a fetus. As shown in FIG. 4, the template data representing the thigh of a fetus is created based on a
thighbone and a pelvis, and thus represents the locations and the three-dimensional forms of the thighbone and the
pelvis. Specifically, the data representing the three-dimensional forms shows that the thigh is bar-shaped and is joined
with a hip joint.

[0040] Here, it is assumed that the cut plane obtainment unit 107 compares (matches) the three-dimensional data
generated by the three-dimensional data generation unit 105 and the respective previously-prepared template data, and
the three-dimensional data matches the most with the template data representing the thigh of a fetus. In such case, the
cut plane obtainment unit 107 determines, for the orientation of the cut plane, a plane that traverses the data representing
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the thighbone, and determines, as the cutting region, an area ranged from 0 to 180 degrees with respect to the data
representing the thighbone being located in its center. Specifically, in the case where the three-dimensional data matches
the most with the template data representing the thigh of a fetus, the cut plane obtainment unit 107 firstly extracts a bar
region (hyperechoic region) which is the thighbone, based on the three-dimensional features of the hyperechoic region.
Then, the cut plane obtainment unit 107 determines, for the orientation of the cut plane, the plane that traverses the
extracted bar region (hyperechoic region), and determines, as the cutting region, the area having a region that has the
plane which traverses the bar region (hyperechoic region) and has the area ranged from 0 to 180 degrees with respect
to the determined cut plane. In this way, the cut plane obtainment unit 107 obtains the cut plane of the thigh of a fetus
based on the bone which is a hyperechoic region.

[0041] As has been described above, the cut plane obtainment unit 107 determines the cutting region and the orien-
tation, and obtains plural cut planes in the determined cutting region using the determined orientation. In other words,
the cut plane obtainment unit 107 determines the orientation of two-dimensional image in which the object representing
the three-dimensional data is cut, based on the three-dimensional form and location of the extracted hyperechoic region,
and thus obtains two-dimensional images in the determined orientation.

[0042] The measurement reference image selection unit 108 selects one of the two-dimensional images to be a
measurement reference image to be used for measuring a length of a region in the body of the subject. Specifically, the
measurement reference image selection unit 108 selects one of the two-dimensional images to be such measurement
reference image by evaluating the degree of similarity between each spatial distribution feature of brightness information
represented by the respective two-dimensional images and a spatial distribution feature of brightness information rep-
resented by the measurement reference image. That is, the measurement reference image selection unit 108 evaluates
the cross-sectional images obtained by the cut plane obtainment unit 107, and selects the image that is the most
appropriate for measurement to be the measurement reference image. It is desirable to use brightness spatial distribution
for the evaluation.

[0043] To be more specific, the measurement reference image selection unit 108 studies beforehand a brightness
spatial distribution feature that statistically characterizes the measurement reference image, and selects, as such meas-
urement reference image, a cross-sectional image which has a brightness spatial distribution feature that is the closest,
among the plural cross-sectional images, to the previously-studied brightness spatial distribution feature of the meas-
urement reference image. In the present embodiment, by comparing the result of the study prepared based on Haar-
like features with the result of the feature value calculation performed for the respective cut planes that are obtained by
the cut plane obtainment unit 107, the degree of similarity with respect to the measurement reference image can be
measured.

[0044] The following describes the method for determining measurement reference images for the specific regions
that are head, abdomen, and thigh of a fetus which are used for the estimated fetal weight calculation formula.

[0045] FIG. 5 is a pattern diagram for describing the features of the measurement cross-section to be used for the
measurement of the BPD of a fetus.

[0046] In order to accurately measure the BPD (biparietal diameter) of a fetus, it is preferable to measure it using a
cross-section of the skull, in which the dura mater and the septum pellucidum are located as shown in FIG. 5. Namely,
it is desirable to measure the BPD using the cross-section which is vertical to a median plane of the skull (dura mater)
and in which a median line is depicted and the depicted median line traverses the septum pellucidum.

[0047] Thus, the measurement reference image selection unit 108 evaluates the cross-sectional images obtained by
the cut plane obtainment unit 107, and selects, as a measurement reference image, the measurement cross-section
which has the brightness spatial distribution feature that is the most corresponded to the feature shown in FIG. 5.
Specifically, the measurement reference image selection unit 108 selects, as a measurement reference image, the cut
plane which is vertical to the median plane extracted by the cut plane obtainment unit 107 and in which the median line
(hyperechoicregion) is depicted in such a way that the extracted hypoechoic region (i.e., septum pellucidum) is traversed.
[0048] In this manner, the measurement reference image selection unit 108 selects a measurement reference image
based on the bone and the dura mater which are hyperechoic regions.

[0049] Note here thatthe measurementreference image may be a cross-sectionalimage which shows that the depicted
median line further traverses corpora cisterna magna, as shown in FIG. 5.

[0050] FIG. 6 is a pattern diagram for describing the features of the measurement cross-section to be used for the
measurement of the AC of a fetus.

[0051] In order to accurately measure the AC (abdominal circumference) of a fetus, it is preferable to measure it using
a cross-section of the abdomen, in which the spine, the umbilical vein, and the gastric vesicle are located as shown in
FIG. 6. Namely, it is desirable to measure the AC using the cross-section which is almost vertical to the spine (instead
of abdominal aorta) and in which the umbilical vein (intrahepatic abdominal umbilical vein) is depicted in the direction
almost vertical to the spine and the lumpish gastric vesicle is located near the depicted umbilical vein.

[0052] Thus, the measurement reference image selection unit 108 evaluates the cross-sectional images obtained by
the cut plane obtainment unit 107, and selects, as a measurement reference image, the measurement cross-section



10

15

20

25

30

35

40

45

50

55

EP 2 623 033 A1

which has the brightness spatial distribution feature that is the most corresponded to the feature shown in FIG. 6.
Specifically, the measurement reference image selection unit 108 selects, as a measurement reference image, the cut
plane which is vertical to the hyperechoic region (column-shaped region) extracted by the cut plane obtainment unit 107
and in which the hypoechoic region (umbilical vein) is located in the direction almost vertical to the hyperechoic region
(column-shaped region) and the lumpish hypoechoic region (gastric vesicle) is located near the hypoechoic region
(umbilical vein).

[0053] In this manner, the measurement reference image selection unit 108 selects a measurement reference image
based on the bone which is hyperechoicregion as well as the blood vessels, the stomach and others which are hypoechoic
regions.

[0054] It should be noted that although it is desirable to select a cut plane based on a spine that can be extracted as
a hyperechoic region, a cut plane may be selected based on an abdominal aortic cross that is extracted as a hypoechoic
region.

[0055] FIG. 7A is a pattern diagram for describing the features of the measurement cross-section to be used for the
measurement of the FL of a fetus. FIG. 7B is a diagram schematically showing a measurement cross-section with which
the FL of a fetus is measured incorrectly.

[0056] In order to accurately measure the FL (femoral length) of a fetus, it is preferable to measure the length of the
thighbone as shown in FIG. 7A. Namely, it is desirable to measure the FL using a cross-section that traverses the
thighbone.

[0057] Thus, the measurement reference image selection unit 108 evaluates the cross-sectional images obtained by
the cut plane obtainment unit 107, and selects, as a measurement reference image, the measurement cross-section
which has the brightness spatial distribution feature that is the most corresponded to the feature shown in FIG. 7A.
Specifically, the measurement reference image selection unit 108 selects, as a measurement reference image, the cut
plane that traverses the hyperechoic region (bar-shaped region) extracted by the cut plane obtainment unit 107, that is,
the cut plane obtained by cutting the bar-shaped region in the length direction of the bar.

[0058] In this manner, the measurement reference image selection unit 108 selects a measurement reference image
based on the bone which is a hyperechoic region. As are the other cases, a measurement reference image is determined
by evaluating cut planes based on three-dimensional data, not a two-dimensional image (B-mode image). Therefore, it
is possible to select, as a measurement reference image, the cross-section with which the length can be accurately
measured, as shown in FIG. 7A, not the cross-section with which the length is incorrectly measured, as shown in FIG. 7B.
[0059] The data storage unit 109 stores the B-mode images generated by the B-mode image generation unit 104, the
three-dimensional data generated by the three-dimensional data generation unit 105, the hyperechoic region data ex-
tracted by the hyperechoic region extraction unit 106, and the measurement reference images selected by the meas-
urement reference image selection unit 108.

[0060] Theoperator’sinstructions are inputted into the operation receiving unit 110. Specifically, the operation receiving
unit 110 is configured of buttons, a keyboard, a mouse, and others, and the examiner’s instructions are inputted using
these.

[0061] The display unit 111 is configured of a display device such as an LCD, and displays B-mode images, an object
represented by three-dimensional data, and cut planes.

[0062] The measurement and calculation unit 112 measures the lengths of the respective regions in the body of the
subject using the respectively selected measurement reference images, and calculates an estimated weight of the
subject using the lengths that have been measured. Specifically, the measurement and calculation unit 112 measures
the lengths of the respective regions in the body of the subject using the measurement reference images respectively
selected by the measurement reference image selection unit 108. The measurement and calculation unit 112 then
calculates an estimated weight of the subject based on the lengths of the respective regions in the body of the subject
which have thus been measured.

[0063] The output unit 113 outputs an estimated weight that has been calculated. Specifically, by outputting the
estimated weight calculated by the measurement and calculation unit 112, the output unit 113 causes the display unit
111 to display the calculated estimated weight.

[0064] The ultrasound diagnostic apparatus 1 according to Embodiment 1 is configured as has been described above.
[0065] Next, the measurement reference image selection process performed by the ultrasound diagnostic apparatus
1 shall be described with reference to FIG. 8.

[0066] FIG. 8 is a flowchart for describing the measurement reference image selection process performed by the
ultrasound diagnostic apparatus 1 according to Embodiment 1 of the present invention.

[0067] First, the B-mode image generation unit 104 generates B-mode images (step S10).

[0068] Specifically, the transmission and reception unit 103 emits ultrasound waves into the body of the subject via
the probe 101 and receives the reflected waves via the probe 101. Then, the B-mode image generation unit 104 generates
a B-mode image by performing data processing onto the ultrasound reflected signals received by the transmission and
reception unit 103, and stores the generated B-mode image into the data storage unit 109. By performing such process
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while changing the ultrasound wave transmission and reception directions, B-mode images are generated and the
generated B-mode images are stored into the data storage unit 109. It should be noted that among the methods of
changing the ultrasound wave transmission and reception directions, some use a vibration mechanism of the probe 101,
other use a drive of the ultrasound transducers in a two-dimensional array probe, and the others use a mechanism that
allows the probe 101 to move parallel at a constant speed, as has already been mentioned above.

[0069] Next, the three-dimensional data generation unit 105 generates three-dimensional data based on the B-mode
images (step S20). Specifically, the three-dimensional data generation unit 105 generates three-dimensional data by
performing resampling of the pixel values of the B-mode images into three-dimensional coordinate positions. The three-
dimensional data generation unit 105 thus reconstitutes the B-mode image data into data representing an object that
has a three-dimensional volume, although the details may differ depending on the method of changing the ultrasound
wave transmission and reception directions.

[0070] Then, the hyperechoic region extraction unit 106 extracts a hyperechoic region from the three-dimensional data
generated by the three-dimensional data generation unit 105. As a result, the hyperechoic region extraction unit 106
extracts three-dimensional features of the hyperechoic region from the three-dimensional data (step S30).

[0071] Then, the cut plane obtainment unit 107 obtains cut planes based on the three-dimensional features of the
hyperechoic region (step S40). Specifically, the cut plane obtainment unit 107 compares (matches) the three-dimensional
data generated by the three-dimensional data generation unit 105 and each previously-prepared template data which
represents the three-dimensional features of the respective specific regions. In the case where the three-dimensional
data matches (the degree of similarity is high) one of the template data, the cut plane obtainment unit 107 determines,
as the cutting region, the region represented by the three-dimensional data (the object indicated by the three-dimensional
data) which corresponds to the template data, and also determines the orientation of a cut plane (the normal orientation
of the cut plane) based on the template data. The cut plane obtainment unit 107 then obtains cut planes (two-dimensional
images) in the determined cutting region using the determined orientation.

[0072] Next, the measurement reference image selection unit 108 evaluates the cut planes obtained by the cut plane
obtainment unit 107 (step S50). After having evaluated all the cut planes obtained by the cut plane obtainment unit 107
(step S60), the measurement reference image selection unit 108 then selects, as a measurement reference image, the
cut plane that has received the highest evaluation (step S70).

[0073] Specifically, by comparing the previously-studied brightness spatial distribution feature which statistically char-
acterizes a measurement reference image and each spatial distribution feature of the respective cut planes obtained by
the cut plane obtainment unit 107, the measurement reference image selection unit 108 measures the degree of similarity
with respect to the measurement reference image. The measurement reference image selection unit 108 then selects,
as a measurement reference image, the cross-sectional image having the brightness spatial distribution feature that is
the closest to the previously-studied brightness spatial distribution feature of the measurement reference image, among
the cut planes obtained by the cut plane obtainment unit 107.

[0074] It should be noted that in the case where the degree of similarity between the feature of the cut plane obtained
by the cut plane obtainment unit 107 and the feature of the measurement reference image is low, the measurement
reference image selection unit 108 returns to step S40. Then, the cut plane obtainment unit 107 obtains again plural cut
planes and proceeds to step S50.

[0075] Lastly, the measurementreference image selection unit 108 stores the selected measurement reference image
into the data storage unit 109 (step S80).

[0076] Thus, the ultrasound diagnostic apparatus 1 performs the measurement reference image selection process.
Specifically, the ultrasound diagnostic apparatus 1 determines with accuracy a cross-section that is appropriate for
measurement, by narrowing down the number of cut planes based on the three-dimensional features of the bone region
that is to be a hyperechoic region, for the obtainment of an appropriate cut plane.

[0077] It should be noted that, in step S30, the examiner may judge on the region in the body of the subject based on
the three-dimensional features of the hyperechoic region (three-dimensional form and location information of the hyper-
echoic region) extracted by the hyperechoic region extraction unit 106. In such case, the examiner may notify, via the
operation receiving unit 110, the cut plane obtainment unit 107 that the three-dimensional data generated by the three-
dimensional data generation unit 105 is the data representing a specific region such as a thigh, for instance, and may
thus select down in advance the template data which represents such a specific region and is to be compared (matched)
with the three-dimensional data generated by the three-dimensional data generation unit 105. In this way, it is possible
to improve the efficiency in the process performed by the cut plane obtainment unit 107 in step S40. In addition, it is
also possible to improve the efficiency in the evaluation performed by the measurement reference image selection unit
108 in step S50, and thus to reduce the risk of false evaluation.

[0078] Thus, the ultrasound diagnostic apparatus 1 performs the measurement reference image selection process.
This enables those who are not skillful in operating an ultrasound diagnostic apparatus to surely obtain an appropriate
measurement reference image, and to accurately measure the length of a specific region based on such measurement
reference image.
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[0079] The following shall describe the whole processing performed by the ultrasound diagnostic apparatus 1, that is,
the processing which includes the measurement reference image selection process and is up to the process in which
the ultrasound diagnostic apparatus 1 calculates an estimated weight of the subject.

[0080] FIG. 9is a flowchart for describing the processing that is up to the process of calculating an estimated weight
of the subject, which is performed by the ultrasound diagnostic apparatus according to Embodiment 1 of the present
invention.

[0081] The ultrasound diagnostic apparatus 1 firstly generates three-dimensional data for a region in the body of the
subject based on the reflected waves of the ultrasound waves which have been transmitted towards the body of the
subject and reflected back from the body of the subject. (S110). Specifically, the ultrasound diagnostic apparatus 1
performs the processing in steps S10 and S20 described in FIG. 8. Since the processing in steps S10 and S20 has been
described above, the description thereof shall not be repeated here.

[0082] Then, the ultrasound diagnostic apparatus 1 selects, based on the intensity of the reflected waves from the
body of the subject, one of the two-dimensional images that compose the three-dimensional data, as a measurement
reference image to be used for measuring a length of the region in the body of the subject (S130). Specifically, the
ultrasound diagnostic apparatus 1 performs the processing from steps S30 to S80 described in FIG. 8. Since the process-
ing from steps S30 to S80 has already been described above, the description thereof shall not be repeated here.
[0083] It should be noted that, in steps S110 and S130, more precisely, the three-dimensional data is generated for
the respective regions in the body of the subject, namely, the head, abdomen, and thigh of a fetus.

[0084] FIG. 10 is a flowchart showing the measurement reference image selection process performed for the head of
a fetus, according to Embodiment 1 of the present invention. FIG. 11 is a flowchart showing the measurement reference
image selection process performed for the abdomen of a fetus, according to Embodiment 1. FIG. 12 is a flowchart
showing the measurementreference image selection process performed for the thigh of a fetus, according to Embodiment
1. The constituent elements that are the same as those described in FIG. 8 use the same reference numerals, and the
description thereof shall not be repeated.

[0085] As shown in FIG. 10, in the case where the three-dimensional data generated in step S110 corresponds to the
head of a fetus, the three-dimensional features of the hyperechoic region in the head are extracted in step S31. After
that, a measurement reference image to be used for measuring a length of the head of a fetus is selected in step S71,
and the selected measurement reference image is registered in step S81. It should be noted that the processing from
steps S31 to S81 corresponds to the processing from steps S30 to S80 described in FIG. 8; therefore, the description
thereof shall not be repeated. In addition, as shown in FIG. 11, in the case where the three-dimensional data generated
in step S110 corresponds to the abdomen of a fetus, the three-dimensional features of the hyperechoic region in the
abdomen are extracted in step S32. After that, a measurement reference image to be used for measuring a length of
the abdomen of a fetus is selected in step S72, and the selected measurement reference image is registered in step
S82. It should be noted that the processing from steps S32 to S82 corresponds to the processing from steps S30 to S80
described in FIG. 8; therefore, the description thereof shall not be repeated. Furthermore, as shown in FIG. 12, in the
case where the three-dimensional data generated in step S110 corresponds to the thigh of a fetus, the three-dimensional
features of the hyperechoic region in the thigh are extracted in step S33. After that, a measurement reference image to
be used for measuring a length of the thigh of a fetus is selected in step S73, and the selected measurement reference
image is registered in step S83. It should be noted that the processing from steps S33 to S83 corresponds to the
processing from steps S30 to S80 described in FIG. 8; therefore, the description thereof shall not be repeated.

[0086] Next, the ultrasound diagnostic apparatus 1 measures the lengths of the respective regions in the body of the
subject using the measurement reference images respectively selected in S130, and calculates an estimated weight of
the subject based on the measured lengths (S150).

[0087] Specifically, the measurement and calculation unit 112 measures the lengths of the respective regions in the
body of the subject using the respectively selected measurement reference images, and calculates an estimated weight
of the subject using the measured lengths.

[0088] Then, the ultrasound diagnostic apparatus 1 outputs the calculated estimated weight (S170).

[0089] Thus, the ultrasound diagnostic apparatus 1 calculates an estimated weight of the subject.

[0090] According to the present embodiment, it is possible to achieve the ultrasound diagnostic apparatus capable of
reducing the dependence on the examiner and calculating an estimated fetal weight with high accuracy and easy
operation.

[Embodiment 2]
[0091] FIG. 13is a block diagram showing an outline of the ultrasound diagnostic apparatus according to Embodiment
2 of the present invention. In FIG. 13, constituent elements that are the same as those in FIG. 1 use the same reference

numerals, and the description thereof shall not be repeated.
[0092] The ultrasound diagnostic apparatus 2 shown in FIG. 13 is configured of an ultrasound diagnostic apparatus
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main body 200, the probe 101, the operation receiving unit 110, and the display unit 111. The configuration of a subject’s
body region specification unit 212 is what makes the ultrasound diagnostic apparatus main body 200 shown in FIG. 13
different from the ultrasound diagnostic apparatus main body 100 shown in FIG. 1. Namely, the ultrasound diagnostic
apparatus main body 200 has the subject’s body region specification unit 212 in addition to the configuration shown in
FIG. 1.

[0093] The subject’s body region specification unit 212 specifies a region, in the body of the subject, which is the object
represented by the three-dimensional data. Specifically, the subject’'s body region specification unit 212 judges that the
object represented by the three-dimensional data generated by the three-dimensional data generation unit 105 is a
region, for instance, a head, an abdomen, or a thigh. The judgment is based on the three-dimensional features of the
hyperechoic region (three-dimensional form and location information of the hyperechoic region) extracted by the hyper-
echoic region extraction unit 106. The subject’s body region specification unit 212 thus specifies the region in the body
of the subject (three-dimensional data) which is being observed.

[0094] For example, the subject’s body region specification unit 212 compares the three-dimensional data generated
by the three-dimensional data generation unit 105 and the template data (e.g., FIG. 2) which represents the head of a
fetus and has predefined features of a skull. In the case where both data have similar features (resemble), the subject’s
body region specification unit 212 judges that the object represented by the three-dimensional data is a head. In addition,
the subject’s body region specification unit 212 compares the three-dimensional data generated by the three-dimensional
data generation unit 105 and the template data (e.g., FIG. 3) which represents the abdomen of a fetus and has predefined
features of a spine. In the case where both data have similar features (resemble), the subject’s body region specification
unit 212 judges that the object represented by the three-dimensional data is an abdomen. Likewise, the subject’s body
region specification unit 212 compares the three-dimensional data generated by the three-dimensional data generation
unit 105 and the template data (e.g., FIG. 4) which represents the thigh of a fetus and has predefined features of a
thighbone. In the case where both data have similar features (resemble), the subject’s body region specification unit
212 judges that the object represented by the three-dimensional data is a thigh.

[0095] The ultrasound diagnostic apparatus 2 according to Embodiment 2 is configured as has been described above.
[0096] FIG. 14 is a flowchart for describing the measurement reference image selection process performed by the
ultrasound diagnostic apparatus according to Embodiment 2 of the present invention. The constituent elements that are
the same as those in FIG. 8 use the same reference numerals, and the description thereof shall not be repeated.
[0097] The difference between FIG. 14 and FIG. 8 is that step S35 is added.

[0098] In step S35, the subject’s body region specification unit 212 judges that the object represented by the three-
dimensional data generated by the three-dimensional data generation unit 105 is a region, for instance, a head, an
abdomen, or a thigh. The judgment is based on the three-dimensional features of the hyperechoic region (three-dimen-
sional form and location information of the hyperechoic region) extracted by the hyperechoic region extraction unit 106.
The subject’s body region specification unit 212 thus specifies the region in the body of the subject (three-dimensional
data) which is being observed.

[0099] Next, the ultrasound diagnostic apparatus 2 proceeds to step S40, and the cut plane obtainment unit 107
obtains two-dimensional images based on the information indicating the three-dimensional form and location of the
region specified by the subject’s body region specification unit 212 and the three-dimensional form and location of the
extracted hyperechoic region.

[0100] For example, in the case where the subject's body region specification unit 212 specifies that the region of a
fetus, which is the object represented by the three-dimensional data, is a head, the cut plane obtainment unit 107 extracts
a region that corresponds to a septum pellucidum, based on the three-dimensional features of the extracted hyperechoic
region, determines, based on the extracted region, the orientation of two-dimensional image in which the object repre-
sented by the three-dimensional data is cut, and obtains two-dimensional images in the determined orientation.
[0101] In addition, in the case where the subject’'s body region specification unit 212 specifies that the region of a
fetus, which is the object represented by the three-dimensional data, is an abdomen, the cut plane obtainment unit 107
extracts a region that corresponds to a spine, based on the three-dimensional features of the extracted hyperechoic
region, determines, based on the extracted region, the orientation of two-dimensional image in which the object repre-
sented by the three-dimensional data is cut, and obtains two-dimensional images in the determined orientation.
[0102] Furthermore, in the case where the subject’s body region specification unit 212 specifies that the region of a
fetus, which is the object represented by the three-dimensional data, is a thigh, the cut plane obtainment unit 107 extracts
a region that corresponds to a thighbone, based on the three-dimensional features of the extracted hyperechoic region,
determines, based on the extracted region, the orientation of two-dimensional image in which the object represented by
the three-dimensional data is cut, and obtains two-dimensional images in the determined orientation.

[0103] Thus, the ultrasound diagnostic apparatus 2 performs the measurement reference image selection process.
[0104] As described above, the ultrasound diagnostic apparatus 2 according to the present embodiment thus performs
efficient evaluation and reduces the risk of false evaluation. With this, the ultrasound diagnostic apparatus 2 can further
select, with high accuracy, a cross-section (measurement reference image) that is appropriate for measurement.

1"



10

15

20

25

30

35

40

45

50

55

EP 2 623 033 A1

[0105] It should be noted that, in the present embodiment, the subject’s body region specification unit 212 is configured
to judge based on the features of a hyperechoic region, however, the examiner may give an instruction via the operation
receiving unit 110. In other words, the subject’s body region specification unit 212 may specify a region, in the body of
the subject, which is the object represented by the three-dimensional data, according to the examiner’s (operator’s)
instruction received by the operation receiving unit 110. In such case, although such examiner’s instruction is a step
added to the process, a region in the body of the subject can be precisely determined, which enables more stable
obtainment of the measurement reference image that is appropriate for measurement.

[0106] According to the present invention, it is possible to realize the ultrasound diagnostic apparatus capable of
reducing the dependence on the examiner and calculating an estimated fetal weight with high accuracy and easy
operation.

[0107] It should be noted that although it has been described in the embodiments that the probe 101 and the ultrasound
diagnostic apparatus 100 are separately configured, the present invention is not limited to these embodiments. The
probe 101 may include part or all of the processing units included in the ultrasound diagnostic apparatus main body 100.
[0108] Inthe above description, the ultrasound diagnostic apparatus main body 100 includes the control unit 102, the
transmission and reception unit 103, the B-mode image generation unit 104, the three-dimensional data generation unit
105, the hyperechoic region extraction unit 106, the measurement image selection unit 106a, the data storage unit 109,
the measurement and calculation unit 112, and the output unit 113. However, the present invention is not limited to such
configuration. As shown in FIG. 15, the ultrasound diagnostic apparatus main body 100 may include a minimum con-
figuration 100a as a minimum configuration. Namely, the ultrasound diagnostic apparatus main body 100 may include
the three-dimensional data generation unit 105, the measurement image selection unit 106a, the measurement and
calculation unit 112, the output unit 113 and the control unit 102. FIG. 15 is a diagram showing the minimum configuration
of the ultrasound diagnostic apparatus according to the present invention.

[0109] With the configuration of the ultrasound diagnostic apparatus 1 which includes at least such minimum config-
uration 100a, it is possible to realize the ultrasound diagnostic apparatus capable of reducing the dependence on the
examiner and calculating an estimated fetal weight with high accuracy and easy operation.

[0110] Furthermore, in the above description, the measurement and calculation unit 112 performs measurements
using the measurement reference images determined by the measurement reference image selection unit 108, and
calculates an estimated weight of a fetus being the subject, based on the measured lengths of the regions in the body
of the subject. However, the present invention is not limited to this. The ultrasound diagnostic apparatus main body 100
may include neither the measurement and calculation unit 112 nor the output unit 113, and the examiner may calculate
an estimated fetal weight based on the lengths of the regions in the body of the subject, which have been measured
using the measurement reference images determined by the measurement reference image selection unit 108.
[0111] Although the ultrasound diagnostic apparatuses according to the embodiments of the present invention have
been described up to this point, the present invention is not limited to these embodiments. As long as they do not depart
from the essence of the present invention, various modifications obtainable through modifications to the respective
embodiments that may be conceived by a person of ordinary skill in the art as well as an embodiment composed by the
combination of the constituent elements of different embodiments are intended to be included in the scope of the present
invention.

[0112] Forexample, the presentinvention may be the method as described herein, or a computer program for achieving
such method by a computer, or a digital signal composed of such computer program.

[0113] Furthermore, the present invention may be the aforementioned computer program or digital signal which is
recorded in a computer-readable recording medium, such as a flexible disc, a hard disc, a CD-ROM, an MO, a DVD, a
DVD-ROM, a DVD-RAM, a BD (Blu-Ray Disc), a semiconductor memory or the like. The present invention may also be
the digital signal recorded in such recording medium.

[0114] Furthermore, according to the present invention, the aforementioned computer program or digital signal may
be transferred via an electric communication line, a wireless or wired communication line, or a network as represented
by the Internet, a data broadcasting, etc.

[0115] The present invention may be a computer system comprised of a microprocessor and a memory, in which the
memory stores the aforementioned computer program and the microprocessor is operated according to such computer
program.

[0116] The present invention may be implemented in other independent computer system by transferring the afore-
mentioned program or digital signal which has been recorded in the aforementioned recording medium, or by transferring
such program or digital signal via the aforementioned network.

[Industrial Applicability]

[0117] The present invention is applicable to ultrasound diagnostic apparatuses, and can be applied, in particular, to
an ultrasound diagnostic apparatus capable of easily and properly obtaining measurement reference images for the
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thorough examination on the growth of a fetus.

[Reference Signs List]

[0118]

1,2

ultrasound diagnostic apparatus

100,200 ultrasound diagnostic apparatus main body

101
102
103
104
105
106
106a
107
108
109
110
111
112
113
212

Claims

probe

control unit

transmission and reception unit

B mode image generation unit
three-dimensional data generation unit
hyperechoic region extraction unit
measurement image selection unit

cut plane obtainment unit
measurement reference image selection unit
data storage unit

operation receiving unit

display unit

measurement and calculation unit
output unit

subject’s body region specification unit

1. An ultrasound diagnostic apparatus comprising:

a three-dimensional data generation unit configured to generate three-dimensional data for one or more regions
in a body of a subject based on reflected waves reflecting back from the body of the subject after ultrasound
waves have been transmitted towards the body of the subject;

a measurement image selection unit configured to select, based on an intensity of the reflected waves, one of
two-dimensional cross-sections that compose the three-dimensional data, as a measurement reference image
used for measuring a length of each region in the body of the subject;

a measurement and calculation unit configured to measure the length of each region in the body of the subject
using the selected measurement reference image, and to calculate an estimated weight of the subject using
the measured lengths; and

an output unit configured to output the calculated estimated weight.

2. The ultrasound diagnostic apparatus according to Claim 1,
wherein said measurement image selection unit includes:

a hyperechoic region extraction unit configured to extract, from the three-dimensional data, a hyperechoic region
which is aregion corresponding to the reflected waves having a reflection intensity thatis greater than a threshold
value;

a cut plane obtainment unit configured to obtain two-dimensional cross-sections that compose the three-dimen-
sional data, by cutting the three-dimensional data based on a three-dimensional feature of the extracted hyper-
echoic region; and

a reference image selection unit configured to select one of the two-dimensional cross-sections as the meas-
urement reference image used for measuring the length of the region in the body of the subject.

3. The ultrasound diagnostic apparatus according to Claim 2,
wherein said cut plane obtainment unit is configured to determine, based on three-dimensional form and location
of the extracted hyperechoic region, an orientation of two-dimensional cross-section in which the three-dimensional
data is cut, and to obtain two-dimensional cross-sections in the determined orientation.

4. The ultrasound diagnostic apparatus according to Claim 2 or Claim 3, further comprising
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asubject’s body region specification unit configured to specify the region, in the body of the subject, which corresponds
to the three-dimensional data,

wherein said cut plane obtainment unit is configured to obtain two-dimensional cross-sections based on information
indicating three-dimensional form and location of the region specified by said subject’s body region specification
unit and also based on the three-dimensional form and location of the extracted hyperechoic region.

The ultrasound diagnostic apparatus according to Claim 4,
wherein said subject’s body region specification unit is configured to specify that the region in the body of the subject
is at least one of head, abdomen, and thigh, the region corresponding to the three-dimensional data.

The ultrasound diagnostic apparatus according to Claim 5, further comprising

an operation receiving unit configured to receive an instruction from an operator,

wherein said subject’s body region specification unit is configured to specify the region in the body of the subject
according to the instruction from the operator received by said operation receiving unit, the region corresponding
to the three-dimensional data.

The ultrasound diagnostic apparatus according to Claim 5,

wherein said subject’s body region specification unit is configured to specify the region in the body of the subject
based on the three-dimensional form of the extracted hyperechoic region, the region corresponding to the three-
dimensional data.

The ultrasound diagnostic apparatus according to Claim 6 or Claim 7,

wherein in the case where said subject’s body region specification unit specifies that the region, in the body of the
subject, which corresponds to the three-dimensional data, is head, said cut plane obtainment unit is configured to:
extract a region of a septum pellucidum based on the three-dimensional features of the hyperechoic region; deter-
mine, based on the extracted region, an orientation of two-dimensional cross-section in which the three-dimensional
data is cut; and obtain two-dimensional cross-sections in the determined orientation.

The ultrasound diagnostic apparatus according to Claim 6 or Claim 7,

wherein in the case where said subject’s body region specification unit specifies that the region, in the body of the
subject, which corresponds to the three-dimensional data, is abdomen, said cut plane obtainment unit is configured
to: extract a region of a spine based on the three-dimensional features of the hyperechoic region; determine, based
on the extracted region, an orientation of two-dimensional cross-section in which the three-dimensional data is cut;
and obtain two-dimensional cross-sections in the determined orientation.

The ultrasound diagnostic apparatus according to Claim 6 or Claim 7,

wherein in the case where said subject’s body region specification unit specifies that the region, in the body of the
subject, which corresponds to the three-dimensional data, is thigh, said cut plane obtainment unit is configured to:
extract a region of a thighbone based on the three-dimensional features of the hyperechoic region; determine, based
on the extracted region, an orientation of two-dimensional cross-section in which the three-dimensional data is cut;
and obtain two-dimensional cross-sections in the determined orientation.

The ultrasound diagnostic apparatus according to Claim 2,

wherein said reference image selection unit is configured to select one of the two-dimensional cross-sections as
the measurement reference image by evaluating a degree of similarity between a spatial distribution feature of
brightness information represented by each of the two-dimensional cross-sections and a spatial distribution feature
of brightness information represented by the measurement reference image.

An image processing method comprising:

generating three-dimensional data for a region in a body of a subject, based on reflected waves reflecting back
from the body of the subject after ultrasound waves have been transmitted towards the body of the subject;
selecting, based on an intensity of the reflected waves, one of two-dimensional cross-sections that compose
the three-dimensional data, as a measurement reference image used for measuring a length of each region in
the body of the subject;

measuring the length of each region in the body of the subject using the selected measurement reference image,
and calculating an estimated weight of the subject using the measured lengths; and

outputting the calculated estimated weight.

14



EP 2 623 033 A1

aun Aejdsiqg

jun BuiaiEdal
uoneltado

Vel
T

_“ JUn uonpaas abewl ._
1 | SoustRel JUBWIRINSED|N| | 2901
| g B
80T 1
“ Jiun Juswujieiqo m
m sueid D ||
L0177 m
jun abeiols M JUN UOIIIRAIXD | !
ejeq "] uoibau d1oyoauRdAY | |
moH\ Jun ooﬂ\m:-:-:-:l-,--:-i._
[0.0U0D Jun uollelauab eyep
2lun uonend|ed
pue B jeuoIsuswip-aaJyl
JUSWIBINSEI SOt
JuUn uonetausb
ctl abew) spouwi-g
Jun Indino p0T~
Jun uodadad .
11 _ pUB UOISSIWSURI] q40d
0T 0T ~
i 10T
00T

T "OId

15



EP 2 623 033 A1

!

——m————

FI1G. 3

Spine

Rib bone

16



EP 2 623 033 A1

FIG. 4

Pelvis

-

—+— Thighbone

FIG. 5

Median line

eptum pellucidum

- Skull



EP 2 623 033 A1

FIG. 6

Umbilical vein Aorta

Spine

Stomach

FIG. 7A

Thighbone

FL

18



EP 2 623 033 A1

FIG. 7B

Incorrect FL |

19



EP 2 623 033 A1

FIG. 8

( START )

\’ /510
Generate B-mode images
v /SZO
Generate three-dimensional data

v S30

Extract three-dimensional features

of hyperechoic region

v /540
Obtain cut planes <
v /550

Evaluate cut planes

S60

Evaluation of cut
planes is ended?

/570
Select measurement reference image
v /580
Register measurement reference image
Y
END

20



EP 2 623 033 A1

FIG. 9

Generate three-dimensional data which
corresponds to region in body of subject

-———n

Select measurement reference image
based on three-dimensional data

Calculate estimated weight of subject

Y

Output estimated weight

o)

21



n
-
w
o

EP 2 623 033 A1

Generate B-mode images —/fSlo

v | <20
Generate three-dimensional data L/:f

B e A —_—_—_:’:

Extract three-dimensional features of i S31
hyperechoic region in head —/f/

V] 541
Obtain cut planes KE/

V] E .

Evaluate cut planes | |+—S5

Evaluation of cut
planes is ended?

Select measurement reference image
which corresponds to head

Y

Register measurement reference image
which corresponds to head

22



EP 2 623 033 A1

FIG. 11

““““““““““““““““““ Y T
Generate B-mode images P/fsm

/ :
Generate three-dimensional data _/E/SZO
;::-_-_::::-_-_::::::::::::::::"z‘_:-_—_:t:::—_:::::—_:::::—_—_1::; 3o

Extract three-dimensional features of Jl.‘/

hyperechoic region in abdomen !
2 542

Obtain cut planes < E

v |
Evaluate cut planes | | —S52

Evaluation of cut

planes is ended?

$62
Select measurement reference image | _—572
which corresponds to abdomen
Y

Register measurement reference image | —s82
which corresponds to abdomen

23



[—

- — —

EP 2 623 033 A1

FIG. 12

Evaluate cut planes

Y |
Generate B-mode images —/rSlO
v f <20
Generate three-dimensional data “/Ef
—_:—_:::::—_—_11::—_—_::—_—_:1;:::::::::—_:::::-_:::—_:—_—_::1; <33
Extract three-dimensional features of J‘:/
hyperechoic region in thigh ;
V] 1543
Obtain cut planes < 5
v |
| . —S53

Evaluation of cut
planes is ended?

Select measurement reference image
which corresponds to thigh

2

Register measurement reference image
which corresponds to thigh

24



EP 2 623 033 A1

uun Agidsiq

uun BuinRdal

uonea2do

NI\

! J1un uoneoyads | |
| uoiBaa Apog syoalgns | | 2901
ardal T
“ Jun uomafes sbew| |
' | souaiaes uswRINSEI Y | |
8017 _
'l 3unjuswuleiqo |
! aueid nDy ||
/01 g e—
1un abeuols Jun 1UnN uoIoeIIXa
eleq jaue) uoibal d10yda4adAH
601 901"
s Jun uonesausb ejep
H# el U_cm. [euoISUaWIP-23Jy L
JUBWISINSEN s0T"
711 Jun uonesausb
sbew spow-g
Jun Indino vo1
uun uondanal Sqol
m:\\ pue uojssiusuel| q04d
z01 €01 ~
TOT
00¢

€T

Ol

25



EP 2 623 033 A1

FIG. 14

( START )

Y /510
Generate B-mode images
v /SZO
Generate three-dimensional data
v S30
Extract three-dimensional features
of hyperechoic region
v /535
Specify region in body of subject
\ /540
Obtain cut planes <
v /550
Evaluate cut planes

Evaluation of cut
lanes is ended?

, __s70

Select measurement reference image

v 80

Register measurement reference image

Y
END

26




EP 2 623 033 A1

FIG. 15
100a
101 ~
/
Probe
102
Control
unit
112
105 e
Three-dimensional Measurement
data generation unit and
- calculation unit

Measurement image _

selection unit Output unit
106a 113
FIG. 16

Biparietal diameter
BPD

Abdominal
circumference
AC

Femoral

27



EP 2 623 033 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2011/005365

A. CLASSIFICATION OF SUBJECT MATTER
A61B8/00(2006.01) 1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B8/00

Minimum documentation searched (classitication system followed by classification symbols)

1922-1996
1971-2011

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2011
1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2008-136860 A (Toshiba Corp., Toshiba 1,12
A Medical Systems Corp.), 2-11

19 June 2008 (19.06.2008),

paragraphs [0005], [0006], [0014]1, [0046],

[0066]; fig. 1 to 5, 9

& US 2008/0114243 Al & CN 101176675 A
Y JP 2001-198122 A (Toshiba Corp.), 1,12
A 24 July 2001 (24.07.2001), 2-11

paragraphs [0002], [0036]; fig. 13

(Family: none)

|:| Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“r»

“Q”
“p»

document referring to an oral disclosure, use, exhibition or other means

document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X"”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
07 October, 2011 (07.10.11)

Date of mailing of the international search report
18 October, 2011 (18.10.11)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

28




EP 2 623 033 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP H9308630 B [0010]

29



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A
RHA
IPCH %S
CPCH¥S
LR

H AT SR

S EREEEE

BEX)

patsnap
BEYHNRE
EP2623033A4 NIF(AEH)A 2014-07-30
EP2011828374 RiFH 2011-09-26
WMTHEEFLERR 2
MTEFLHRN 24
TOJI BUNPEI
TOJI, BUNPEI
A61B8/00 A61B5/00 A61B5/107 A61B8/08 A61B8/14 GO6F19/00
A61B8/483 A61B5/1075 A61B5/4362 A61B8/0866 A61B8/0875 A61B8/14 A61B8/5223 G16H50/30
2010222568 2010-09-30 JP

EP2623033B1
EP2623033A1

Espacenet

REXAZBANBEFREMEESE  ZHBIRERSET (105) , HET
EBAZEMANRN SERGEERORITE , ANROSEHHEIX
BERZSHE, RELEBIZRENS T NERGERRET
(106a) , EASNMXED HERME = EREN —SEBE 2 —FEN
ATUNEFASMNXENKENNESERG. TFENEMTERT
(112) , FADANEFNNESZRENENREAF NN XENKE
AEANENKEUTENKOMEITEE,RRET (1) WHILTE

WEITER,


https://share-analytics.zhihuiya.com/view/50b4eea4-6d3f-441f-800a-6c8e0ebfd5d0
https://worldwide.espacenet.com/patent/search/family/045892300/publication/EP2623033A4?q=EP2623033A4

