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ULTRASOUND DIAGNOSIS APPARATUS
AND MEDICAL IMAGE PROCESSING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-186624, filed Sep. 26, 2016; the entire contents of (all
of) which are incorporated herein by reference.

FIELD

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

BACKGROUND

[0003] The ultrasound diagnosis apparatus transmits ultra-
sound waves to the inside of a subject’s body through an
ultrasound probe and receives reflected waves therefrom to
acquire and visualize the biological information of the
subject. Examples of images generated by the ultrasound
diagnosis apparatus include a B mode image (morphological
image) illustrating the morphology of the subject, a blood
flow image (an example of a functional image) illustrating
blood flow information of the subject, and a tissue property
image (an example of a functional image) illustrating tissue
properties such as the hardness of the tissue of the subject.
These images are each generated as a two-dimensional
image or a three-dimensional image according to the situ-
ation at the time of generating the image.

[0004] For example, during biopsy using a puncture
needle or procedure of radiofrequency ablation (RFA), the
ultrasound diagnosis apparatus successively generates mor-
phological images and functional images simultaneously in
parallel. Then, the ultrasound diagnosis apparatus sequen-
tially aligns the morphological images and the functional
images to display them. An operator such as a doctor or a
technician performs the procedure while viewing the mor-
phology of the subject represented by the morphological
images as well as blood flow information and tissue prop-
erties represented by the functional images. For example, the
operator views a blood flow image and figured out the
position of the blood vessel. Besides, the operator views a
tissue property image and figured out the position of the
tissue the hardness of which is different from that of the
surrounding tissue (e.g., the position of a tumor).

[0005] However, in order to sequentially generate, align,
and display a plurality of types of images simultaneously in
parallel, the ultrasound diagnosis apparatus has to perform a
large number of processing steps, and the frame rate some-
times decreases. For example, in the procedure as described
above, the insertion of a puncture needle may be a burden for
a subject. Thus, there is a demand for a technology that
enables the operator to perform the procedure while viewing
images at a good frame rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus according to an
embodiment;

[0007] FIG. 2 is a schematic diagram illustrating a posi-
tion sensor of the embodiment;
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[0008] FIG. 3 is a schematic diagram illustrating images
displayed as being superimposed in the embodiment;
[0009] FIG. 4 is a schematic diagram illustrating images
displayed in parallel in the embodiment; and

[0010] FIG. 5 is a flowchart illustrating the operation of
the ultrasound diagnosis apparatus of the embodiment.

DETAILED DESCRIPTION

[0011] In general, according to one embodiment, an ultra-
sound diagnosis apparatus includes a volume data generat-
ing unit, an image generating unit, an MPR image generat-
ing unit, and a display controller. The volume data
generating unit generates, based on position angle informa-
tion of an ultrasound probe and echo data from the ultra-
sound probe, functional volume data of a subject accompa-
nied with the position angle information. The image
generating unit sequentially generates a sectional image of
the subject based on the position angle information and the
echo data. The MPR image generating unit generates an
MPR image corresponding to the cross-section of the sec-
tional image from the functional volume data based on the
position angle information corresponding to the sectional
image and the position angle information attached to the
functional volume data. The display controller displays the
sectional image and the MPR image in parallel or in a
superimposed manner on a display.

[0012] Referring now to the drawings, a description is
given of an ultrasound diagnosis apparatus and a medical
image processing program according to embodiments.
[0013] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus according to an
embodiment. The ultrasound diagnosis apparatus of the
embodiment includes an ultrasound probe 1, a transmitting/
receiving circuit 2, a volume data generating circuit 3, a
memory circuit 4, an image generating circuit 5, a multi
planar reconstruction (MPR) image generating circuit 6, a
display control circuit 7, a display 8, an input circuit 9, and
a system control circuit 10.

[0014] The ultrasound probe 1 may be a one-dimensional
array probe having an array of a plurality of ultrasound
transducers arranged in the scanning direction, or a two-
dimensional array probe having a plurality of ultrasound
transducers two-dimensionally arranged. Incidentally, in the
case of generating a three-dimensional image (sometimes
referred to as volume data) indicating the three-dimensional
area of a subject, a two-dimensional array probe is used. The
ultrasound probe 1 transmits ultrasound waves to a subject
and receives reflected waves from the subject as echo data.
The ultrasound probe 1 includes a position sensor 11. The
position sensor 11 sequentially detects the position and angle
of the ultrasound probe 1 that is transmitting/receiving
ultrasound waves and obtains position angle information
indicating the position and angle detected. The ultrasound
probe 1 attaches the position angle information to the echo
data and outputs the echo data to the transmitting/receiving
circuit 2.

[0015] FIG. 2 is a schematic diagram schematically illus-
trating the position sensor 11. For example, when the
ultrasound probe 1 transmit/receives ultrasound waves
to/from a subject E, the position sensor 11 sequentially
detects the position and angle of the ultrasound probe 1
concurrently with the transmission/reception. A transmitter
12 is arranged near the subject E. The position sensor 11
detects the position and angle with respect to the transmitter
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12 as a reference to acquire position angle information
indicating the position and angle of the ultrasound probe 1.
As a concrete example of the hardware configuration of the
position sensor 11 and the transmitter 12 may be cited an
ordinary magnetic sensor system or an optical sensor sys-
tem, and the installation location may be designed appro-
priately.

[0016] The transmitting/receiving circuit 2 supplies an
electric signal to the ultrasound probe 1 to cause it to
transmit ultrasound waves that have been beamformed to a
predetermined focal point (i.e., subjected to transmission
beamforming). In addition, the transmitting/receiving circuit
2 applies reception beamforming to the echo data from the
ultrasound probe 1, and outputs it to the volume data
generating circuit 3 as a received signal accompanied with
the position angle information.

[0017] The volume data generating circuit 3 is a processor
configured to generate functional volume data of the subject
accompanied with position angle information based on the
position angle information and the echo data from the
ultrasound probe 1. For example, the volume data generating
circuit 3 receives a received signal accompanied with the
position angle information from the transmitting/receiving
circuit 2, and generates the functional volume data.
Examples of the functional volume data include blood flow
volume data indicating blood flow information of the subject
E and tissue property volume data indicating tissue propet-
ties of the subject E.

[0018] The volume data generating circuit 3 performs a
Doppler process on the received signal and thereby gener-
ates blood flow volume data indicating the blood flow
information of the subject. The accuracy and the like of the
Doppler process are set in advance. Since the blood flow
volume data is a three-dimensional image illustrating the
blood flow, the operator can figure out the position of the
blood vessel by visually checking the position where the
blood flow occurs. In addition, the volume data generating
circuit 3 applies tissue elasticity imaging (elastography) to
the received signal and thereby generates tissue property
volume data indicating the tissue properties of the subject.
Examples of the tissue properties include the hardness of
tissue. Since the tissue property volume data is a three-
dimensional image that three-dimensionally illustrates the
distribution of the tissue properties (e.g., the hardness of
tissue) of the subject, the operator can figure out the position
of the tissue the hardness of which is different from that of
the surrounding tissue (e.g., the position of a tumor). The
volume data generating circuit 3 outputs the blood flow
volume data and the tissue property volume data accompa-
nied with the position angle information to the memory
circuit 4. The memory circuit 4 is formed of a memory or a
storage device, and stores the blood flow volume data and
the tissue property volume data from the volume data
generating circuit 3.

[0019] In this way, after the functional volume data
accompanied with the position angle information is gener-
ated and stored, ultrasound waves are transmitted/received
(sometimes referred to as scan) in a biopsy or RFA proce-
dure. In the following, an example is described in which
two-dimensional morphological images are sequentially
generated in a procedure. The ultrasound probe 1 transmits
and receives ultrasound waves concurrently with the proce-
dure, and the position sensor 11 acquires position angle
information concurrently with the procedure. The ultrasound
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probe 1 outputs echo data accompanied with the position
angle information to the transmitting/receiving circuit 2. The
transmitting/receiving circuit 2 applies reception beamform-
ing to the echo data, and outputs it to the image generating
circuit 5 as a received signal accompanied with the position
angle information.

[0020] The image generating circuit 5 is a processor that
sequentially generates sectional images of the subject based
on the position angle information and the echo data at the
time of scanning after the generation of the functional
volume data. The frame rate at which the sectional images
are sequentially generated is set in advance. For example,
the image generating circuit 5 performs band-pass filtering
on the received signal from the transmitting/receiving circuit
2. Thereafter, the image generating circuit 5 detects the
envelope of the output signal, and performs a compression
process on the detected data by logarithmic conversion. The
image generating circuit 5 performs a scan conversion
process on the received signal (ultrasound raster data) that
has been subjected to these processes to generate a B mode
image (an example of a sectional image) indicating the
morphology of the cross-section of the tissue of the subject.
Further, the image generating circuit 5 attaches the position
angle information, which is attached to the received signal
from the transmitting/receiving circuit 2, to the B mode
image. Normally, the position and angle of the ultrasound
probe correspond to the position and angle of the cross-
section of the B-mode image. Therefore, the position and
angle indicated by the position angle information attached to
the B mode image correspond to the position and angle of
the cross-section at the time of scanning. Each time gener-
ating a B-mode image accompanied with position angle
information, the image generating circuit 5 outputs it to the
MPR image generating circuit 6 and the display control
circuit 7.

[0021] The MPR image generating circuit 6 is a processor
that generates an MPR image corresponding to the cross-
section of the sectional image from functional volume data
based on the position angle information corresponding to the
sectional image and the position angle information attached
to the functional volume data. For example, the MPR image
generating circuit 6 reads the functional volume data gen-
erated in advance from the memory circuit 4. The MPR
image generating circuit 6 compares the position angle
information attached to the functional volume data with the
position angle information attached to the B mode image
generated by the image generating circuit 5. The MPR image
generating circuit 6 applies an MPR process corresponding
to the cross-section of the B mode image to the functional
volume data, and thereby specifies a cross-section corre-
sponding to the cross-section of the B mode image in the
functional volume data. Then, the MPR image generating
circuit 6 generates an MPR image indicating the cross-
section specified. The MPR image generating circuit 6
outputs the MPR image to the display control circuit 7. The
MPR image generating circuit 6 may generate an MPR
image from blood flow volume data or tissue property
volume data as an example of the functional volume data, or
from both of them.

[0022] The B mode image is generated with respect to
each frame rate and output to the MPR image generating
circuit 6. The MPR image generating circuit 6 generates a
new MPR image when there is a change in position angle
information attached to the B mode image received after
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generating the first MPR image. After generating the first
MPR image, the MPR image generating circuit 6 compares
position angle information attached to a B mode image
newly received from the image generating circuit 5 and
position angle information attached to an MPR image gen-
erated most recently. When there is a change in these pieces
of position angle information, the MPR image generating
circuit 6 generates, from the functional volume data, an
MPR image corresponding to the cross-section of the posi-
tion angle information attached to a B mode image newly
received, and outputs it to the display control circuit 7. When
there is no change in the pieces of position angle informa-
tion, the MPR image generating circuit 6 does not generate
a new MPR image. In this manner, the MPR image genet-
ating circuit 6 generates an MPR image depending on
whether there is a change in the position angle information.
Thereby, an MPR cross-section corresponding to the cross-
section being scanned is generated following the movement
of the ultrasound probe 1 that is performing scanning. As a
change amount that serves as a threshold value for deter-
mining whether there is a change in the position angle
information, a threshold value relating to the change amount
of the position and a threshold value relating to the change
amount of the angle are determined in advance. When there
is a change equal to or larger than the threshold value, the
MPR image generating circuit 6 determines that a change
occurs in the position angle information.

[0023] Besides, there is a case that a period between a scan
in which the functional volume image is generated and the
subsequent scan is long. As an example of this case may be
cited a case where some days are left due to the follow-up
of a procedure or the like. In this case, even if the subject is
placed on the bed at the same position and in the same
posture as in the procedure, the positional relationship
(relative position) between the transmitter 12 and the subject
E differs between scans of both, and the orientation and the
reference position of the position angle information of both
may be shifted (i.e., the coordinate system is shifted). In this
case, the MPR image generating circuit 6 extracts charac-
teristic sites (e.g., xiphoid process, etc.) depicted in the B
mode image and the functional volume data and aligns the
sites to thereby match the coordinate systems of both of
them. General processing techniques may be applied to the
extraction process of characteristic sites and the alignment
process.

[0024] The display control circuit 7 is a processor that
displays the sectional image and the MPR image in parallel
or in a superimposed manner on the display 8. For example,
the display control circuit 7 displays the B mode image from
the image generating circuit 5 and the MPR image from the
MPR image generating circuit 6 in parallel or in a supet-
imposed manner on the display 8. The setting of the parallel
display and the superimposed display may be determined in
advance or the display modes may be switched by an
operation of the operator.

[0025] The display 8 is an example of the display in the
claims. The display 8 is formed of a display device such as
a liquid crystal display (LCD) or an organic electro-lumi-
nescence (EL) display.

[0026] FIG. 3 is a schematic diagram schematically illus-
trating images displayed as being superimposed. In the
following, an example is described in which a B mode image
P1 as the sectional image of the subject E, an MPR image
P2 generated from blood flow volume data, and an MPR
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image P3 generated from tissue property volume data are
displayed as being superimposed. The display control circuit
7 checks position angle information attached to the B mode
image P1, position angle information attached to the MPR
image P2, and position angle information attached to the
MPR image P3 to thereby align the images and display them
in a superimposed manner. The layer order of the superim-
posed display, the type of images to be displayed, and the
transparency of each image may be set in advance, or may
be switchable by an operation of the operator.

[0027] As the images are aligned and displayed as being
superimposed in this manner, the operator can perform a
procedure while checking the morphology of tissue with the
B mode image, the position of the blood vessel with the
MPR image from the blood flow volume data, and the
position of the tissue the hardness or the like of which is
characteristic and different from that of the surrounding
tissue with the MPR image from tissue property volume
data. In the example of the embodiment, the scan during a
procedure is a scan for generating the B mode image, and the
MPR image is an image based on the volume data generated
in advance. Thereby, the ultrasound diagnosis apparatus of
the embodiment can sequentially display a plurality of types
of images while preventing a decrease in the frame rate.
Therefore, the operator can perform a procedure while
visually checking images at a good frame rate.

[0028] The display control circuit 7 may generate a guide-
line index GL indicating the insertion path of the puncture
needle, and display the guideline index as being further
superimposed. For example, upon receipt of an operation
signal provided by the operator through the input circuit 9,
the display control circuit 7 aligns the insertion start position
of the puncture needle and a target position indicating the
position of a lesion or the like with the image being
displayed. At this time, the display control circuit 7 com-
pares position information attached to each image being
displayed with the insertion start position and the target
position indicated by the operation signal, thereby perform-
ing the alignment. The display control circuit 7 generates a
linear marker that connects the insertion start position and
the target position as the guideline index GL and displays it
as being superimposed on each image. With this, the opera-
tor can perform a procedure while visually checking the
insertion path. Note that the guideline index GL is not
limited to a linear index, and, for example, may be an index
indicating the insertion start position and the target position
in another shape.

[0029] Incidentally, the display control circuit 7 may
appropriately display the images in parallel. FIG. 4 is a
schematic diagram schematically illustrating images dis-
played in parallel. FIG. 4 illustrates an example in which,
together with the superimposed image illustrated in FIG. 3,
the superimposed image of the B mode image P1 and the
guideline index GL, the MPR image P2 generated from the
blood flow volume data, and the MPR image P3 generated
from the tissue property volume data are displayed in
parallel in a 2x2 display layout. The types of images
displayed in display frames of the display layout and the
types of images superimposed in each of the display frames
may be selected appropriately by operation input by the
operator. Examples of the types of images displayed include
volume rendering images of blood flow volume data and
volume rendering images of tissue property volume data. If
multi-plane scan is performed during the procedure, a B
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mode image illustrating a cross-section different from the
cross-section of the B mode image P1 may be displayed in
any one of the display frames. Thereby, the operator can
perform the procedure while appropriately selecting desir-
able images.

[0030] The input circuit 9 is an example of the operation
unit in the claims. The input circuit 9 receives operation by
an operator such as a doctor, a technician, or the like, and
outputs a signal corresponding to the content of the opera-
tion to the system control circuit 10. The input circuit 9
includes, for example, a trackball, a switch button, a mouse,
a keyboard, a touch command screen, a sensitivity time
control (STC) slide volume, and the like.

[0031] The system control circuit 10 controls each part of
the ultrasound diagnosis apparatus based on an operation
signal received through the input circuit 9 and a medical
image processing program stored in advance. For example,
the system control circuit 10 stores in advance a program
that implements a medical image processing method corre-
sponding to the operation illustrated in the flowchart of FIG.
5 and executes it.

[0032] The term “processor” as used herein refers to a
circuit such as, for example, a central processing unit (CPU),
a graphics processing unit (GPU), an application specific
integrated circuit (ASIC), a programmable logic device
including a simple programmable logic device (SPLD) and
a complex programmable logic device (CPLD), a field
programmable gate array (FPGA), or the like. The processor
reads programs out of a storage medium and executes them
to thereby realize the functions. The programs need not
necessarily be stored in a storage medium, but may be
directly incorporated in the circuit of the processor. In this
case, the processor realizes the functions by reading and
executing the programs incorporated in the circuit. Fach
processor of the embodiment need not necessarily be con-
figured as a single circuit. A plurality of independent circuits
may be combined to form a single processor for implement-
ing the functions. Besides, a plurality of constituent ele-
ments in FIG. 1 may be integrated into one processor to
realize the functions.

[0033] FIG. 5 is a flowchart illustrating the operation of
the ultrasound diagnosis apparatus according to the embodi-
ment.

[0034] Step S101: The ultrasound probe 1 transmits ultra-
sound waves to the subject and receives reflected waves
from the subject as echo data. The ultrasound probe 1
attaches position angle information to the echo data and
outputs the echo data to the transmitting/receiving circuit 2.
The transmitting/receiving circuit 2 applies reception beam-
forming to the echo data from the ultrasound probe 1 and
outputs it to the volume data generating circuit 3 as a
received signal accompanied with the position angle infor-
mation. Based on the position angle information and the
echo data from the ultrasound probe 1, the volume data
generating circuit 3 generates blood flow volume data and
tissue property volume data of the subject accompanied with
the position angle information. The volume data generating
circuit 3 outputs the blood flow volume data and the tissue
property volume data accompanied with the position angle
information to the memory circuit 4.

[0035] Step S102: At the time of scanning, the image
generating circuit 5 sequentially generates sectional images
of the subject based on the position angle information and
the echo data. For example, the image generating circuit 5
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generates a B mode image and attaches position angle
information to the B mode image. Each time generating a
B-mode image accompanied with position angle informa-
tion, the image generating circuit 5 outputs it to the MPR
image generating circuit 6 and the display control circuit 7.

[0036] Step S103: The MPR image generating circuit 6
reads functional volume data generated in advance from the
memory circuit 4. The MPR image generating circuit 6
compares the position angle information attached to the
functional volume data with the position angle information
attached to the B mode image from the image generating
circuit 5.

[0037] Step S104: The MPR image generating circuit 6
applies an MPR process corresponding to the cross-section
of the B mode image to the functional volume data, and
thereby generates an MPR image corresponding to the
cross-section of the B mode image. The MPR image gen-
erating circuit 6 outputs the MPR image to the display
control circuit 7.

[0038] Step S105: The display control circuit 7 displays
the B mode image from the image generating circuit 5 and
the MPR image from the MPR image generating circuit 6 in
parallel or in a superimposed manner on the display 8.

[0039] Step S106: The MPR image generating circuit 6
compares position angle information attached to a B mode
image newly received from the image generating circuit 5
and position angle information attached to an MPR image
generated most recently to determine whether there is a
change in the pieces of position angle information.

[0040] Step S107: When there is a change in the position
angle information as a result of comparison (Yes in step
S106), the MPR image generating circuit 6 generates an
MPR image corresponding to the cross-section of the posi-
tion angle information attached to the B mode image newly
received based on the functional volume data, and outputs it
to the display control circuit 7.

[0041] with the ultrasound diagnosis apparatus and the
medical image processing program of at least one embodi-
ment described above, a plurality of types of images can be
sequentially displayed while the frame rate is prevented
from falling.

[0042] Although the procedure is described above as being
performed while the ultrasound diagnosis apparatus is per-
forming scanning, the operator may perform the procedure
while visually checking X-ray CT images or MR images by
transferring functional volume data generated in advance to
another medical image diagnosis apparatus (e.g., X-ray CT
apparatus, MRI apparatus). At this time, in order to align the
functional volume data with the X-ray CT images or the MR
images, an uncharacteristic site is extracted from each image
and the alignment is performed with reference to the posi-
tion of the extracted site.

[0043] 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.



US 2018/0085094 A1

What is claimed is:

1. An ultrasound diagnosis apparatus, comprising pro-
cessing circuitry configure to:

generate, based on position angle information of an ultra-

sound probe and echo data from the ultrasound probe,
functional volume data of a subject accompanied with
the position angle information;

sequentially generate a sectional image of the subject

based on the position angle information and the echo
data;
generate an MPR image corresponding to a cross-section
of the sectional image from the functional volume data
based on the position angle information corresponding
to the sectional image and the position angle informa-
tion attached to the functional volume data; and

display the sectional image and the MPR image in parallel
or in a superimposed manner on a display.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to generate
blood flow volume data indicating blood flow information of
the subject or tissue property volume data indicating tissue
properties of the subject as the functional volume data.

3. The ultrasound diagnosis apparatus of claim 2, further
comprising an operation unit, wherein the processing cir-
cuitry is further configured to:

generate the blood flow volume data and the tissue

property volume data; and

switch an MPR image generated from the blood flow

volume data and an MPR image generated from the
tissue property volume data based on an operation
signal from the operation unit, and display the sectional
image and the MPR image in parallel or in a superim-
posed manner on the display.
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4. The ultrasound diagnosis apparatus of claim 1, further
comprising an operation unit,

wherein the processing circuitry is further configured to

change transparency of the MPR image based on an
operation signal from the operation unit and display the
MPR image on the display.

5. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to:

generate a guideline index indicating an insertion path of

a puncture needle based on the position angle informa-
tion; and

display the guideline index so as to be superimposed on

the sectional image on the display.

6. The ultrasound diagnosis apparatus of claim 5, wherein
the guideline index also indicates an insertion start position
of the puncture needle.

7. A medical image processing method, comprising:

generating, based on position angle information of an

ultrasound probe and echo data from the ultrasound
probe, functional volume data of a subject accompa-
nied with the position angle information;

sequentially generating a sectional image of the subject

based on the position angle information and the echo
data;

generating an MPR image corresponding to a cross-

section of the sectional image from the functional
volume data based on the position angle information
corresponding to the sectional image and the position
angle information attached to the functional volume
data; and

displaying the sectional image and the MPR image in

parallel or in a superimposed manner on a display.

I S T T
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