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ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
139057, filed Jul. 4, 2014; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus.

BACKGROUND

[0003] An ultrasound diagnosis apparatus transmits ultra-
sound waves to a subject and receives reflected waves there-
from via an ultrasound probe, and converts the amplitude of
the reflected waves into the brightness to thereby generate a
two-dimensional tomographic image of the subject. In a vol-
ume scan, the ultrasound diagnosis apparatus can obtain a
plurality of two-dimensional tomographic images of spatially
different positions by performing the scan while moving the
ultrasound probe in a direction perpendicular to the images.
These two-dimensional tomographic images are arranged
three-dimensionally to be displayed on the ultrasound diag-
nosis apparatus as a three-dimensional image.

[0004] The volume scan requires the setting of various
parameters including scanning conditions such as, scan
angle, swing angle, and volume rate, and transmit/receive
conditions such as, scanning depth, focus, pulse repetition
frequency (prf), transmission frequency, and sound field set-
tings. These parameters such as, scanning conditions and
transmit/receive conditions are stored (set) in advance in the
ultrasound diagnosis apparatus, and retrieved for use in scan-
ning a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a block diagram illustrating the internal
structure of an ultrasound diagnosis apparatus according to an
embodiment;

[0006] FIG. 2 is a block diagram illustrating the internal
structure of a calculator of the ultrasound diagnosis appara-
tus;

[0007] FIG. 3 is a flowchart of the operation of the ultra-
sound diagnosis apparatus for calculating a raster count and
the number of planes to generate a medical image;

[0008] FIG.4isa diagram for explaining the concept of the
raster count and the number of planes;

[0009] FIG.5is adiagram for explaining that each site to be
scanned requires different volume data;

[0010] FIG. 61s a diagram for explaining that each site to be
scanned requires different volume data;

[0011] FIG. 7is a view of an example of a medical image
displayed on a display of the ultrasound diagnosis apparatus;
[0012] FIG. 8is a view of an example of a medical image
generated without the raster count and the number of planes
calculated in the embodiment;

[0013] FIG. 9 is a flowchart of the operation of the ultra-
sound diagnosis apparatus for calculating a raster count and
the number of planes to generate a medical image upon set-
ting the ratio of the raster density and the plane density to 1:1;

Jan. 7,2016

[0014] FIG. 10 is a view of an example of a medical image
generated using the raster count and the number of planes
calculated in the embodiment;

[0015] FIG. 11 is a flowchart of the operation of the ultra-
sound diagnosis apparatus for calculating a raster count and
the number of planes to generate a medical image by another
method;

[0016] FIG. 12 is a view of an example of a medical image
generated through the flow illustrated in FIG. 11;

[0017] FIG. 13 is a flowchart of the operation of the ultra-
sound diagnosis apparatus for calculating a raster count and
the number of planes to generate a medical image by still
another method;

[0018] FIG. 14 is a flowchart of the operation of the ultra-
sound diagnosis apparatus for calculating a raster count and
the number of planes to generate a medical image to maintain
the image quality upon changing the volume rate;

[0019] FIG. 15 is a view of an example of a medical image
generated without the raster count and the number of planes
calculated in the embodiment;

[0020] FIG. 16 is a view of an example of a medical image
generated using the raster count and the number of planes
calculated in the embodiment.

DETAILED DESCRIPTION

[0021] In general, according to one embodiment, an ultra-
sound diagnosis apparatus includes an ultrasound probe, a
calculator, a transmission and reception unit, and a medical
image generator. The ultrasound probe includes an ultrasound
transducer to transmit/receive ultrasound waves. The calcu-
lator calculates a raster count in the scan direction and the
number of planes in the swing direction using the raster
density of a scan cross section and the plane density of a
swing cross section based on parameters as conditions for
imaging. The transmission and reception unit drives the ultra-
sound transducer to transmit and receive scan lines based on
the raster count and the number of planes. The medical image
generator generates a medical image based on the scan lines
received.

[0022] Referring now to the drawings, a description is
given of an ultrasound diagnosis apparatus according to
embodiments.

[0023] FIG. 1 is a block diagram illustrating the internal
structure of an ultrasound diagnosis apparatus 1 according to
an embodiment. The ultrasound diagnosis apparatus 1
includes a central processing unit (CPU) la, a read only
memory (ROM) 15, a random access memory (RAM) 1¢, and
an input/output (I/O) interface 14, which are connected via a
bus 1e. The I/O interface 1d is connected to an input unit 1f; a
display 1g, a communication controller 14, and a storage 1.
[0024] The I/O interface 1d is also connected to a drive
controller 1j configured to control each drive unit that consti-
tutes the ultrasound diagnosis apparatus 1, a transmission and
reception unit 1k configured to transmit/receive ultrasound
beams to/from a subject through an ultrasound prove P, and a
medical image generator 11 configured to generate a medical
image based on the ultrasound beams tranceived.

[0025] The I/O mterface 14 is further connected to a calcu-
lator 10 configured to calculate a raster count and the number
of planes required to scan a subject.

[0026] Inresponse to aninput signal from the input unit 1f,
the CPU 1a loads a boot program for booting the ultrasound
diagnosis apparatus 1 from the ROM 16 and executed it, and
also reads various operating systems from the storage 1.
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Besides, the CPU 1a controls various devices based on input
signals received through the input unit 1fand the I/O interface
1d from external devices (not illustrated).

[0027] The CPU 1a is a processor that loads programs and
data stored in the RAM 1¢, the storage 17, and the like into the
RAM 1c to implement a series of processes such as filtering
based on commands of the programs read out from the RAM
1c.

[0028] Theinput unit 1fincludes input devices such as dials
and a keyboard used to provide various inputs by medical
staff as the operator of the ultrasound diagnosis apparatus 1.
The input unit 1/ generates an input signal based on operator’s
input, and sends it to the CPU 1a via the bus le. The ultra-
sound diagnosis apparatus 1 may further include a dedicated
operation panel in addition to the keyboard and the like.
[0029] The display 1g may be a liquid crystal display
(LCD), and receives an output signal from, for example, the
CPU 1aq via the bus le. The display 1g displays a medical
image generated based on data acquired through the ultra-
sound prove P, processing results obtained by the CPU 1a,
and the like.

[0030] The communication controller 12 may be, for
example, alLAN card or a modem, and enables the ultrasound
diagnosis apparatus 1 to connect to a communication network
such as the Internet or LAN. The data exchanged with the
communication network via the communication controller 17
is sent/received through the I/O interface 14 and the bus le
to/from the CPU 1a as an input or output signal.

[0031] Thestorage 1/ includes a semiconductor memory or
amagpnetic disk, and stores data and programs to be executed
by the CPU 1a. For example, the storage 1i stores various
types of conditions set to scan a subject by the ultrasound
diagnosis apparatus 1, such as scanning conditions and trans-
mit/receive conditions. The storage 1i also stores arithmetic
expressions to calculate a raster count and the number of
planes based on the conditions.

[0032] Besides, the ultrasound diagnosis apparatus 1 of the
embodiment stores an ultrasound image generation program
in, for example, the storage 1i. The CPU 1a loads and
executes the program, thereby implementing the functions of
the ultrasound diagnosis apparatus 1.

[0033] The transmission and reception unit 14 performs
ultrasound scan on a subject through the ultrasound probe P
(described later) under the control of the CPU 1a. Examples
of the ultrasound scan include B-mode scan, color Doppler
mode scan, Doppler mode scan, and the like. Although not
illustrated in FIG. 1, the transmission and reception unit 1%
includes therein, for example, a preamplifier, an analog-to-
digital converter, a receiving delay circuit, an adder, and the
like.

[0034] The ultrasound probe P is brought in direct contact
with a subject to acquire information on the inside of the
subject (internal information) by the reflection of ultrasound
waves, and is connected to the transmission and reception unit
1%. The ultrasound probe P includes an ultrasound transducer
to transmit/receive ultrasound waves. In response to a com-
mand from the transmission and reception unit 1%, the ultra-
sound transducer is driven. The transmission and reception
unit 1% receives the internal information on the subject col-
lected by the ultrasound probe P in the form of ultrasound
beams, and sends it to the medical image generator 11.

[0035] Incidentally, the ultrasound probe P may be, for
example, a mechanical 4D probe or a matrix array probe.
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[0036] Although not illustrated in FIG. 1, the medical
image generator 11 includes therein a signal processor, an
image composer, and an image generator, and generates a
medical image based on information acquired through the

ultrasound probe P and the transmission and reception unit
1k

[0037] The signal processor performs various types of sig-
nal processing based on a signal received by a receiver of the
transmission and reception unit 1%. Specifically, the signal
processor performs signal processing according to the scam
mode as described above. The signal processor includes
therein, for example, an echo data detector, a logarithmic
compressor, and digital filters for depth, scan line, and frame
directions.

[0038] Theimage composer serves as a scan converter that,
having received a signal sent from the signal processor, con-
verts the coordinates of beam data aligned in the depth direc-
tion by the signal processor into pixel data aligned in the line
direction for display. This processing generates image data to
be a base for generating an ultrasound image.

[0039] Theimage generator generates a medical image dis-
played as a two-dimensional image, for example, based on the
image data generated by the image composer. In addition, the
image generator generates a three-dimensional medical
image based on such two-dimensional medical images.

[0040] The calculator 10 calculates a raster count and the
number of planes required to scan a subject by the ultrasound
diagnosis apparatus 1. The calculator 10 calculates a raster
count and the number of planes based on the raster density
and the plane density. Further details are described later.

[0041] FIG. 2 is a block diagram illustrating the internal
structure of the calculator 10 of the embodiment. The calcu-
lator 10 includes a receiver 11, a density calculator 12, a
determining unit 13, a calculator 14, and a transmitter 15. The
receiver 11 receives a processing request as a trigger to cal-
culate a raster count and the number of planes. The density
calculator 12 calculates the raster density and the plane den-
sity. The calculator 14 calculates a raster count and the num-
ber of planes using the raster density and the plane density.
The transmitter 15 transmits the raster count and the number
of planes to, for example, the CPU 1a so that they are avail-
able as scanning conditions.

[0042] The function and operation of each unit are
described later in the flow of obtaining a raster count and the
number of planes to scan a subject based on these conditions
and generating a medical image.

[0043] Inthe following, a description is given of the calcu-
lation of a raster count and the number of planes required to
scan a subject by the ultrasound diagnosis apparatus 1 and the
flow of generating a medical image based on a scan per-
formed using them as conditions.

[0044] FIG. 3 is a flowchart of the operation of the ultra-
sound diagnosis apparatus 1 for calculating a raster count and
the number of planes to generate a medical image. It is
assumed herein that a mechanical 4D probe is used as the
ultrasound probe P.

[0045] The medical staff who uses the ultrasound diagnosis
apparatus 1 enters various conditions (parameters) such as
scanning conditions and transmit/receive conditions for a
scan before scanning a subject. The ultrasound diagnosis
apparatus 1 figures out the contents of information related to
the input parameters (ST1).
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[0046] Here, the medical staff may enter all the parameters,
or may use or change parameters stored in the storage 1 to set
the parameters.

[0047] The medical staff sets the parameters using, for
example, the keyboard or the like of the input unit 1f. The
contents of the input are displayed on the display 1g. When
the medical staff starts entering the parameters, the ultra-
sound diagnosis apparatus 1 understands this fact and informs
beforehand the calculator 10 of that the parameters are to be
entered.

[0048] Upon receipt of the parameters having been entered
and decided, the calculator 10 calculates density in the scan
direction and density in the swing direction based on the
parameters (ST2). The density in the scan direction is the
raster density, and the density in the swing direction is the
plane density.

[0049] In the following, the meaning of the words such as
raster (scan line) and plane (tomographic image) is explained
with reference to the drawings. FIG. 4 is a diagram for
explaining the concept of the raster count and the number of
planes. In FIG. 4, the substantially trapezoidal area having
arc-like upper and lower edges is an area to be scanned by the
ultrasound diagnosis apparatus 1.

[0050] Thesolid arrow X in the area indicates a raster (scan
line). A plane Y is represented as a single medical image
generated by performing transmission/receipt of waves such
that the raster X forms the scan area in the range of scan angle
01. That is, in FIG. 4, the substantially trapezoid Y represents
a plane (tomographic image). The raster count is the number
of rasters X to be transmitted/received to generate a single
planeY.

[0051] By shifting the ultrasound probe P little by little in
scanning, a plurality of planes Y can be obtained. The swing
angle refers to the angle at which the ultrasound probe P is
shifted, and is indicated by reference sign 62 in FIG. 4. The
acquisition of sufficient amount of volume data to generate a
plurality of planes Y within the range of the swing angle 62
enables the generation of a three-dimensional medical image.
Here, the number of planes indicates the number of planes Y
generated in the swing angle 62.

[0052] With a scan performed in this manner, it is possible
to acquire the volume data of a site of a subject to be exam-
ined. Note that the shape of the volume data to be acquired
may vary depending on the site to be examined.

[0053] FIGS. 5 and 6 are diagrams for explaining that each
site to be scanned requires different volume data.

[0054] For example, if the uterus or the backbone of a fetus
is an object to be examined, required volume data has a
wide-thin shape as illustrated in FIG. 5. Accordingly, the
volume data is acquired with the scan angle 01 larger than the
swing angle 62.

[0055] On the other hand, if the heart of a fetus is an object
to be examined, required volume data is in a shape having a
width and a depth similar to each other as illustrated in FIG.
6. Accordingly, the volume data is acquired with the scan
angle 61 substantially the same as the swing angle 62.
[0056] The volume data thus acquired is displayed on the
display 1g of the ultrasound diagnosis apparatus 1. FIG. 7 is
a view of an example of a medical image displayed on the
display 1g of the ultrasound diagnosis apparatus 1.

[0057] As illustrated in FIG. 7, the screen of the display 1g
is divided into four display areas and displays four types of
images. Among them, an image displayed in the lower right
area is a volume image acquired. Images displayed in other
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three areas are tomographic images obtained by slicing the
volume image into cross sections.

[0058] InFIG. 4 that illustrates the raster X and the planes
Y, A indicates the direction of the raster X as the scan direc-
tion, and B indicates the direction perpendicular to the scan
direction A, in which the planes Y are captured, that is, the
swing direction. Besides, C indicates a direction perpendicu-
lar to the scan direction A as well as the swing direction B.
[0059] In FIG. 7, the display 1g displays tomographic
images obtained by slicing the volume image in the respective
directions into cross sections. Specifically, in FIG. 7, the
display 1g displays a tomographic image (plane A) in the scan
direction A in the upper left area, a tomographic image (plane
B) in the swing direction B in the upper right area, and a
tomographic image (plane C) in the C direction in the lower
left area.

[0060] Note that medical staff who uses the ultrasound
diagnosis apparatus 1 may arbitrarily set the layout of the
display areas on the display 1g including the size of each area
and what type of image is displayed in each area.

[0061] The density calculator 12 calculates the density of
the rasters X (raster density) in the scan direction A and the
density of the planes Y (plane density) in the swing direction
B, and sends the calculation results to the determination unit
13. The determination unit 13 determines whether the ratio of
the raster density and the plane density is 1:1 (ST3). In other
words, the ratio of the raster density and the plane density is
adjusted to 1:1 to thereby improve the image quality of dis-
play images.

[0062] Having determined that the ratio of the raster den-
sity and the plane density is 1:1 (YES in step ST3), the
determination unit 13 sends the determination result to the
calculator 14. The calculator 14 calculates a raster count and
the number of planes using the densities (ST4). The calculator
14 calculates the time required to acquire a piece of volume
data in volume scanning as well as a raster count and the
number of planes using the following expression 1 as a ref-
erence expression:

[Expression 1]

T=(X)Xz +a M
Xy =0k fUs, jio o)
Xy = Orka fliy, jao o o)

where X1 represents the raster count in the scan direction, X2
represents the number of planes in the swing direction B, t
represents pulse transmission interval, and a represents the
time anticipated to be necessary for the switching of the swing
direction and the like. Thereby, the time required to acquire a
piece of volume data in volume scanning can be calculated.
The raster count X1 and the number of planes X2 are calcu-
lated using corresponding equations in the equations (1).
[0063] In the embodiment, the raster count X1 or the num-
ber of planes X2 is calculated using raster density k1 or plane
density k2.

[0064] Here, 01 represents the scan angle, 02 represents the
swingangle, k1 represents the raster density, k2 represents the
plane density, and f(y) represents a correction function. The
correction function f(y) is intended to make a correction in
consideration of the presence of processing such as com-
pound processing that is unable to accurately express a raster
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count by only a volume rate and prf in the process of gener-
ating and displaying volume data.

[0065] With the raster count X and the number of planes X2
thus calculated, a scan is performed on the subject (ST5). As
aresult of the scan, the medical image generator 11 generates
a volume image as the medical image (ST6), and the display
1g displays it. In addition to the volume image, the display 1g
displays cross sections obtained by slicing the volume image
into the planes A, B and C as illustrated in FIG. 7.

[0066] While viewing the medical image, the medical staff
as the operator checks whether the display image is the
intended one. In other words, the medical staff determines
whether the display image is appropriate, and also whether
the setting of the parameters (raster density, plane density)
related to the image generation is appropriate. For example,
the ultrasound diagnosis apparatus 1 displays a confirmation
screen such as a pop-up window or the like asking whether the
image is appropriate to allow the medical staffto determine it.
Thus, it is determined whether the display image is appropri-
ate (ST7).

[0067] Upon detecting that the medical staffhas entered the
determination on the confirmation screen, the ultrasound
diagnosis apparatus 1 determines whether the display image
is appropriate. When the display image is appropriate (YES in
step ST7), the scan is continued without changing the condi-
tions (ST8). On the other hand, if the display image is not
appropriate (NO in step ST7), the parameters are set again,
and the raster density and the plane density are calculated
again.

[0068] As mentioned above, FIG. 7 illustrates an example
of a medical image displayed on the display 1g of the ultra-
sound diagnosis apparatus 1. Regarding the tomographic
images in FIG. 7, the ratio of the raster density and the plane
density is about 1:1. Accordingly, in this example, the tomo-
graphic image of the plane A in the upper left area and the
tomographic image of the plane B in the upper right area are
displayed with excellent image quality. In addition, since the
tomographic images of the planes A and B have a high image
quality, the both are displayed with balance in the view of the
entire screen.

[0069] Ontheotherhand, ifthe determination unit 13 deter-
mines that the ratio of the raster density and the plane density
isnot 1:1 (NO in ST3), it is determined that a medical image
of a high image quality cannot be achieved in this state.

[0070] FIG. 8 is a view of an example of a medical image
generated without the raster count and the number of planes
calculated in the embodiment. Namely, FIG. 8 illustrates an
example in which there is a difference in image quality
between the tomographic image of the plane A and the tomo-
graphic image of the plane B.

[0071] Inthe example of FIG. 8, the plane density is higher
than the raster density, and thus the resolution of the plane B
is higher than that of the plane A. If the ratio of the raster
density and the plane density is out of balance differently
from the display example illustrated in FIG. 7, for example,
while the tomographic image of the plane B is clearly dis-
played, the tomographic image of the plane A is displayed
with poor image quality. The image of either one of the planes
may have an increased image quality. However, considering
that tomographic images are generally generated with respect
to a required area in a volume image, images can be more
easily viewable when at least the tomographic images of the
planes A and B have about the same image quality.
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[0072] The viewability is achieved by adjusting the ratio of
the raster density and the plane density to be balanced, to
nearly 1:1, so that display images are obtained by a scan
performed with the appropriate setting of a raster count and
the number of planes. For this reason, the parameters are
corrected such that the ratio of the raster density and the plane
density becomes 1:1 in the calculator 10 of the ultrasound
diagnosis apparatus 1 (ST9). As a result, the ratio of the raster
density and the plane density is set to 1:1. Note that, even
when the correction is made automatically, parameters
entered by the medical staff or the like are not fundamentally
corrected.

[0073] A description has been given above of the process to
approximate the ratio of the raster density and the plane
density to 1:1 by correcting the parameters as appropriate to
thereby solve the imbalance between the tomographic images
as illustrated in FIG. 8.

[0074] Besides, without correcting the parameters, the ratio
of the raster density and the plane density may be set auto-
matically to 1:1 in the ultrasound diagnosis apparatus 1 so that
a raster count and the number of planes are calculated under
this conditions.

[0075] FIG. 9 is a flowchart of the operation of the ultra-
sound diagnosis apparatus 1 for calculating a raster count and
the number of planes to generate a medical image upon set-
ting the ratio of the raster density and the plane density to 1:1.
Incidentally, in FIG. 9, like process as in FIG. 3 is denoted by
like step number.

[0076] First, the ultrasound diagnosis apparatus 1 figures
out the values of various parameters (ST1). The determina-
tion unit 13 extracts the scan angle and the swing angle from
the parameters (ST11), and both the angles are checked
(ST12). Here, the scan angle and the swing angle are checked
because, if there is a large difference between the two, the
values of the raster density and the plane density are separated
from each other. This may result in imbalance in image qual-
ity between a tomographic image (plane A) in the scan direc-
tion and a tomographic image (plane B) in the swing direc-
tion.

[0077] Ifthe determination unit 13 determines that there is
alarge difference between the scan angle and the swing angle
as a result of checking them (YES in step ST12), the raster
density k1 and the plane density k2 are set in advance such
that their values are equal (ST13) as represented by the fol-
lowing expression:

[Expression 2]
k1=k2 )

[0078] If the relationship of expression (2) is reflected in
expression (1), the following expression can be obtained:

[Expression 3]
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[0079] By using expression (3) with the raster density k1
and the plane density k2 set as above, according to scan time
T and pulse repetition frequency (prf), the raster count X1 and
the number of planes X2 are calculated (ST14). The subject is
scanned based on the raster count X1 and the number of
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planes X2 thus calculated (ST5), and thereby a medical image
is generated (ST6). The following processes are performed in
the same manner as described above.

[0080] In this manner, by automatically setting the raster
density k1 and the plane density k2 to k1=k2, it is possible to
solve the imbalance between the planes A and B as, for
example, illustrated in FIG. 8.

[0081] FIG. 10 is a view of an example of a medical image
generated using the raster count and the number of planes
calculated in the embodiment. Compared to the example of
FIG. 8, no imbalance is observed in the qualities of the images
of the planes A and B, and the plane A is displayed with the
same image quality as that of the plane B. This is because
expression (3) takes into account the imbalance between the
scan angle and the swing angle.

[0082] Ontheotherhand, if the determination unit 13 deter-
mines that there is no large difference between the scan angle
and the swing angle as a result of checking them (NO in step
ST12), the raster density k1 and the plane density k2 are
calculated based on the same parameters as entered (ST2),
and a raster count and the number of planes are calculated by
using the densities (ST14 and subsequent steps).

[0083] A description is given of another method of calcu-
lating a raster count and the number of planes. This method is
performed also using the raster density k1 and the plane
density k2 as described above.

[0084] FIG. 11 is a flowchart of the operation of the ultra-
sound diagnosis apparatus 1 for calculating a raster count and
the number of planes to generate a medical image by another
method. Incidentally, in the flowchart of FIG. 11, like process
as in the precedent flowcharts is denoted by like step number.
[0085] Here, appropriate values of a raster count and the
number of planes are obtained based on the absolute values of
the raster density k1 and the plane density k2 calculated.
Described below is the specific flow of calculating a raster
count and the number of planes.

[0086] First, the ultrasound diagnosis apparatus 1 figures
out the values of various parameters set by the medical staff or
the like (ST1). The density calculator 12 calculates the raster
density and the plane density based on the values (ST2).
These steps are performed as described above.

[0087] The determination unit 13 receives the values of the
raster density and the plane density calculated, and figures out
the absolute values of them (ST21). Thereafter, the determi-
nation unit 13 compares the absolute values of the both den-
sities with a reference absolute value (ST22). Here, the ref-
erence absolute value indicates a value, the use of which as a
density for the calculation of a raster count and the number of
planes allows the generation of a medical image that main-
tains appropriate image quality. For example, the reference
absolute value indicates a lower limit of the density to main-
tain the image quality. The reference absolute value is stored
in, for example, the storage 1/ in advance. The determination
unit 13 compares the raster density and the plane density
calculated with this reference absolute value.

[0088] As a result, when the absolute values of the raster
density and the plane density are not equal to or above the
reference absolute value (NO in step ST23), the reference
absolute value is selected as the values of the densities instead
of the absolute values of the raster density and the plane
density calculated (ST24).

[0089] This is because if a value below the reference abso-
lute value is employed as the raster density or the plane
density, the image quality cannot be maintained, which
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causes, for example, a coarse screen image or imbalance in
image quality between the planes A and B. For this reason, to
maintain the minimum image quality, the reference absolute
value is used as the density for calculating a raster count and
the number of planes.

[0090] As aresultof the comparison between the calculated
densities and the reference absolute value, when the values of
the calculated densities are equal to or above the reference
absolute value (YES in step ST23), a raster count and the
number of planes are calculated by using the raster density k1
and the plane density k2 calculated by the density calculator
12

[0091] A raster count and the number of planes are calcu-
lated based on the raster density k1 and the plane density k2
calculated or selected by using the above expressions (ST15).
Then, the subject is scanned based on the values to obtain
volume data. The display 1g displays a volume image and
tomographic images of predetermined cross sections based
on the volume data (STS and subsequent steps).

[0092] FIG. 12 is a view of an example of a medical image
generated through the flow illustrated in FIG. 11. Generally, a
higher volume rate makes the screen display coarser, and the
image quality degrades. However, by the above processing
using the absolute value of the raster density and the plane
density, even if the volume rate is increased, the same image
quality as with a low volume rate can be maintained.

[0093] For example, for the images illustrated in FIGS. 7
and 10, the volume rate is set at 2 vps (volume per second). If
a medical image is generated by the same process after the
volume rate has been simply increased to, for example, 6 vps,
the image quality of the display image degrades.

[0094] Nevertheless, as described above, when a raster
count and the number of planes are calculated based on the
absolute values of the raster density and the plane density to
perform a scan, even if the volume rate is increased, as images
illustrated in FIG. 12, it is possible to maintain the same
image quality as the images of FIGS. 7 and 10 before the
increase of the volume rate.

[0095] Here, the absolute values of both the raster density
and the plane density are compared to the reference absolute
value. While this method is advantageous as described above,
it does not take into account the balance in image quality
between an image of the plane A affected by the raster count
and an image of the plane B affected by the number of planes.
Forexample, the following process can prevent the imbalance
in image quality between the planes A and B.

[0096] FIG. 13 is a flowchart of the operation of the ultra-
sound diagnosis apparatus 1 for calculating a raster count and
the number of planes to generate a medical image by still
another method. This method is characterized in the process
performed when the raster density and the plane density are
not equal to or above the reference absolute value. Inciden-
tally, in the flowchart of FIG. 13, like process as in the pre-
cedent flowcharts is denoted by like step number.

[0097] If the raster density and the plane density are less
than the reference absolute value, a raster count and the num-
ber of planes are calculated using the reference absolute value
instead of the densities calculated (ST24). In this case, both
the raster density and the plane density may be less than the
reference absolute value, or either one of them may be less
than the reference absolute value.

[0098] When both the raster density and the plane density
are less than the reference absolute value, the reference abso-
lute value is selected for the both of them. Therefore, it is
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unlikely that the densities are imbalanced. On the other hand,
if one of them is less than the reference absolute value, while
the other is equal to or above the value, an imbalance may
occur between the densities.

[0099] Accordingly, the determination unit 13 checks
whether the absolute values are selected for both the raster
density and the plane density (ST31). If the absolute value is
selected for either one of the raster density and the plane
density (NO in step ST31), both the values are adjusted
(ST32). Thus, when a medical image is generated, imbal-
anced image quality is avoided in the display. Specifically, for
example, the following processes are performed.

[0100] Forexample, it is assumed that the absolute value of
the raster density k1 is 20, that of the plane density k2 is 8, and
the reference absolute value is 10. In this case, the absolute
value of the plane density k2 is smaller than the reference
absolute value. Thus, by the process as described above, the
reference absolute value, 10, is used as the density (k2=10).
On the other hand, since the value (20) of the raster density k1
exceeds the reference absolute value, the calculated value is
supposed to be used as the raster density k1.

[0101] However, it is also possible to employ a process
different from the above process that simply uses the calcu-
lated value. For example, the calculated value of the plane
density k2 may be set as a value of the plane density k2, and
the value of the raster density k may be adjusted to maintain
the ratio between the raster density k1 calculated and the
plane density k2 calculated.

[0102] Alternatively, instead of directly using the value of
the raster density k1 equal to or above the reference absolute
value, considering the value of the plane density k2, another
adjustment method may be employed to set the value of the
raster density k1 to 18, for example. With this, as well as
maintaining the image quality of display images, taking into
account the balance in image quality between an image of the
plane A affected by the raster count and an image of the plane
B affected by the number of planes.

[0103] In this manner, if an imbalance may occur in image
quality when the absolute value is selected as either one of the
raster density or the plane density, the balance of the densities
is adjusted, and then a raster count and the number of planes
are calculated using the adjusted values (ST33).

[0104] On the other hand, if the absolute value is selected
for both the raster density and the plane density (YES in step
ST31), a raster count and the number of planes are calculated
using the values (ST33).

[0105] As described above, the values of the raster density
k1 and the plane density k2 are determined not simply by the
comparison with the reference absolute value. Even when the
value of density is equal to or above the reference absolute
value, the value is reduced taking into account the balance of
the densities. This adjustment can achieve the balance in
image quality between animage of the plane A affected by the
raster count and an image of the plane B affected by the
number of planes.

[0106] As has been described above, by setting the ratio of
the raster density k1 and the plane density k2 as close as 1:1,
it is possible to improve the image quality of an image of the
plane A affected by the raster count and an image of the plane
B affected by the number of planes. On the other hand, an
increase in the volume rate reduces the scan time T per one
volume. Accordingly, a sufficient number of raster lines to
generate a single volume image cannot be acquired. There-
fore, the absolute values of the raster density k1 and the plane
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density k2 are taken and compared with the reference abso-
lute value. Thus, even when the volume rate is set to a high
value, the same image quality as before can be maintained.
[0107] The above processes are performed on the assump-
tion that, for example, scan lines are uniformly distributed in
the scan direction A or the swing direction B (the density is
equalized). However, depending on examinations, there may
be a case where it is desired to increase scan lines in a specific
direction in, for example, the scan direction A to perform a
scan.

[0108] For example, when the volume rate is set to a high
value, under the condition where the raster density k1 is
isotropic, an image of the plane A affected by the raster count
and an image of the plane B affected by the number of planes
may have a poor image quality unless any measure is taken.
Accordingly, sufficient resolution for the diagnosis of medi-
cal staff may not be obtained. Therefore, as one measure, the
process is performed using the absolute value as described
above. This enables the image quality to be maintained and
improved under the condition where the raster density k1 is
isotropic.

[0109] The measure is not limited to this method, and
another method may be applicable. Described below is a
method intended to maintain and improve the image quality
even when, for example, a scan is performed by an increased
number of scan lines in a specific direction with anisotropic
raster density k1.

[0110] FIG. 14 is a flowchart of the operation of the ultra-
sound diagnosis apparatus 1 for calculating a raster count and
the number of planes to generate a medical image to maintain
the image quality upon changing the volume rate. The fol-
lowing description is based on the assumption that not the
plane density k2 but the raster density k1 is intentionally
changed. Incidentally, in the flowchart of FIG. 14, like pro-
cess as in the precedent flowcharts is denoted by like step
number.

[0111] Theprocess described below is characterized in that
the upper limit value and the lower limit value of the density
are determined in advance, and the raster density k1 and the
plane density k2 calculated are each compared with the limit
values.

[0112] Withreference to FIG. 14, first, the ultrasound diag-
nosis apparatus 1 figures out the values of various parameters
set by the medical staff or the like (ST1). The calculator 10
calculates the density (the raster density k1) in the scan direc-
tion A and the density (the plane density k2) in the swing
direction B using the parameters (ST2).

[0113] Next, the determination unit 13 compares the raster
density k1 and the plane density k2 calculated by the density
calculator 12 with a upper limit value kmax and a lower limit
value kmin determined in advance (ST41). For example, the
upper limit value kmax and the lower limit value kmin are
stored in the storage 1i in advance.

[0114] As a result of the comparison, if the values of the
raster density k1 and the plane density k2 exceed a threshold,
which is the upper limit value kmax or the lower limit value
kmin (YES in step ST42), the determination unit 13 checks
which of the resolution of a tomographic image (plane A) in
the scan direction A and the resolution of a tomographic
image (plane B) in the swing direction B is to be emphasized
(ST43).

[0115] Here, the determination unit 13 makes the determi-
nation on which resolution of the plane A or B is to be
emphasized by comparing the sizes of the scan angle 81 and
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the swing angle 62 (ST44). That is, a larger angle indicates
that the medical staff wishes to view a wider range, and
therefore, the image quality is increased for the tomographic
image corresponding to the larger angle.

[0116] For example, when volume data to be acquired by a
scan has a wide-thin shape as illustrated in FIG. 5, the scan
angle 01 is larger than the swing angle 62. Accordingly, in this
case, the medical staff is likely to wish to view the tomo-
graphic image of the plane A in the scan direction A rather
than the tomographic image of the plane B in the swing
direction B. Thus, the process is performed to increase the
resolution of the tomographic image of the plane A. In the
following, for the convenience of the description, a specific
tomographic image, the resolution of which is to be empha-
sized is referred to as “tomographic image «”, and other
tomographic images are referred to as “tomographic image
.

[0117] After the determination unit 13 compares the sizes
of the scan angle 01 and the swing angle 02, and determines
the plane the resolution of which is to be emphasized, the
density of the tomographic image [} of the plane in a smaller
angle is set to the lower limit value kmin (ST45).

[0118] The calculator 14 calculates the raster count X1 and
the number of planes X2 based on the density set by the
determination unit 13 using the following expression (ST46):

[Expression 4]

{ X1 = fliny o b =T = @eminf U1y 1 by )2 “
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[0119] By using expression (4), the raster count X1 and the
number of planes X2 are obtained based on the density of the
tomographic image f} of the plane in a smaller angle set as the
lower limit value kmin. The subject is scanned using the raster
count X1 and the number of planes X2 thus calculated (ST5),
and a medical image is generated based on information
acquired thereby (ST6). The display 1g displays the medical
image. After the medical staff checks the medical image
(ST7), the raster density k1 and the plane density k2 are set
again, or the scan is continued (ST8).

[0120] FIG. 15 is a view of an example of a medical image
generated without the raster count and the number of planes
calculated in the embodiment. FIG. 16 1s a view of an example
of a medical image generated using the raster count and the
number of planes calculated in the embodiment.

[0121] As can be seen from the example of FIG. 15, if the
volume rate is increased without measure, the image quality
of the planes A and B degrades. As a result, resolution nec-
essary for diagnosis cannot be achieved.

[0122] On the other hand, when a medical image is gener-
ated and displayed using the raster count X1 and the number
of planes X2 calculated by expression (4), as can be seen from
the example of FIG. 16, resolution is significantly improved
in the display image of the plane A as the tomographic image
.. This is because the resolution of the plane A is emphasized
compared to the plane B as the tomographic image [ as
described above. Besides, regarding the resolution of the
plane B, a higher resolution is achieved compared to the plane
B illustrated in FIG. 15, along with the improvement in the
resolution of the plane A.
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[0123] The determination unit 13 is described above as
determining which resolution of the plane A or B is to be
emphasized by comparing the sizes of the scan angle 61 and
the swing angle 62. However, the tomographic image a, the
resolution of which is to be emphasized, may be selected by,
for example, determining in which direction scan lines should
be increased to improve the resolution using an image recog-
nition technology.

[0124] In addition, the ultrasound diagnosis apparatus 1
may automatically, or based on an instruction from the medi-
cal staff, adjust the balance between the density of the tomo-
graphic image ., the resolution of which is to be emphasized,
and that of the other tomographic image 8. With this adjust-
ment, balanced image quality can be achieved on the screen.
The medical staff may make the instruction by, for example,
setting a plurality of types of patterns each indicating the ratio
of the plane density in advance, and selecting one of them.

[0125] As described above, as the conditions for perform-
ing a volume scan, a raster count and the number of planes are
determined based on the raster density and the plane density.
Thus, the ultrasound diagnosis apparatus of this embodiment
can generate a medical image with improved image quality.

[0126] By performing the process of achieving a balance in
display tomographic images together, as well as improving
the image quality, a medical image is generated and displayed
taking into account the balance of display on the entire screen.

[0127] The above description has been made on the
assumption that the ultrasound probe P used in the ultrasound
diagnosis apparatus 1is a mechanical 4D probe. However, the
ultrasound probe P is not limited to the mechanical 4D probe,
but may be, for example, a matrix array probe. When a matrix
array probe is employed, while the azimuth direction in the
case of a matrix array probe corresponds to the scan direction
in the case of a mechanical 4D probe, the elevation direction
in the case of a matrix array probe corresponds to the swing
direction in the case of a mechanical 4D probe. Note that the
operation flow and the contents are the same as described
above. That is, by setting a raster count and the number of
planes using the raster density and the plane density, it is
possible to improve the image quality of a medical image
generated.

[0128] Inaddition, it has been described that the ultrasound
diagnosis apparatus 1 automatically sets a raster count and the
number of planes using the raster density and the plane den-
sity, and thereby a medical image is generated with improved
image quality. However, for example, optimal raster density
and plane density for a site to be scanned may be set in
advance in the ultrasound diagnosis apparatus 1 with respect
to each site. In this case, the medical staff determines a site to
be scanned, and, for example, selects an icon of the site
displayed on the display screen to set the optimal raster den-
sity and plane density or scan angles for scanning the site.

[0129] 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 inventions.
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 depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
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What is claimed is:

1. An ultrasound diagnosis apparatus, comprising:

an ultrasound probe configured to transmit and receive

ultrasound waves to perform a scan in a first direction
and a second direction perpendicular to the first direc-
tion; and

processing circuitry configured to

calculate scan line densities each in the first direction
and the second direction based on parameters as con-
ditions for imaging,

transmit and receive ultrasound waves so that the scan
line densities are at a predetermined ratio, and

generate a medical image based on the ultrasound waves
received.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the predetermined ratio is 1:1.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the predetermined ratio can be set arbitrarily.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the scan in the first direction and the second direction is
performed by a two-dimensional array of ultrasound trans-
ducers.

5. The ultrasound diagnosis apparatus of claim 1, wherein
the scan in the first direction and the second direction is
performed by a one-dimensional array of ultrasound trans-
ducers by swinging the ultrasound transducers in a direction
perpendicular to the array.

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

calculate raster density and plane density, and

check a ratio between the raster density and the plane

density.

7. The ultrasound diagnosis apparatus of claim 6, wherein
the processing circuitry is further configured to, when the
raster density and the plane density are not equal, set a same
value for the raster density and the plane density, and calcu-
late the raster count and the number of planes based on the set
value.

8. The ultrasound diagnosis apparatus of claim 6, wherein
the processing circuitry is further configured to

figure out an absolute value of the raster density or an

absolute value of the plane density upon calculating the
raster count or the number of planes,

compare the absolute values with a reference value, and

when the absolute value is less than the reference value, use

the reference value instead of the absolute value to
obtain the raster count or the number of planes.
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9. The ultrasound diagnosis apparatus of claim 8, wherein
the processing circuitry is further configured to, when the
reference value is selected for one of the raster density and the
plane density, and the absolute value is selected for another,
adjust balance between the absolute values.

10. The ultrasound diagnosis apparatus of claim 6, wherein
the processing circuitry is further configured to

when the raster density and the plane density exceed an
upper limit value or a lower limit value determined in
advance due to setting of a high volume rate, specify a
tomographic image, image quality of which is to be
maintained or improved, and

replace density related to a tomographic image other than
the tomographic image specified with the lower limit
value to set the raster density or the plane density.

11. The ultrasound diagnosis apparatus of claim 10,
wherein the processing circuitry is further configured to,
when specifying a tomographic image whose image quality is
to be maintained or improved, compare a scan angle and a
swing angle, and specify a tomographic image corresponding
to a plane having larger angle.

12. An ultrasound diagnosis apparatus, comprising:

an ultrasound probe configured to transmit and receive
ultrasound waves to perform a scan in a first direction
and a second direction perpendicular to the first direc-
tion; and

processing circuitry configured to

acquire information related to a site to be scanned, and
set scan angels each for the first direction and the
second direction based on the information,

transmit and receive ultrasound waves according to the
scan angles, and

generate a medical image based on the ultrasound waves
received.

13. The ultrasound diagnosis apparatus of claim 12,
wherein the scan in the first direction and the second direction
is performed by a two-dimensional array of ultrasound trans-
ducers.

14. The ultrasound diagnosis apparatus of claim 12,
wherein the scan in the first direction and the second direction
is performed by a one-dimensional array of ultrasound trans-
ducers by swinging the ultrasound transducers in a direction
perpendicular to the array.
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