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ST101
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ST107
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v ST109
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FIG. 3
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ULTRASONIC DIAGNOSTIC APPARATUS,
INTERPOLATION PROCESSING UNIT, AND
INTERPOLATION PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
Japanese Patent Application No. 2014-222534, filed Oct. 31,
2014, the entire contents of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, an interpolation process-
ing unit, and an interpolation processing method.

BACKGROUND

[0003] In medical fields, ultrasonic diagnostic apparatuses
for imaging the interior of an object are being used in which
ultrasonic wave generated by using a plurality of transducers
(piezoelectric transducers) of an ultrasonic probe is utilized.
The ultrasonic wave generated by the transducer is reflected
in an object, and acquired as a reception signal by each
transducer. Particularly, in a digital beam forming, the recep-
tion signal acquired by each transducer is sampled at a pre-
determined sampling interval and converted into reception
data which is digital data. Then, the reception data acquired
by each transducer is synthesized to form a reception beam.
The reception data received at each transducer is received at a
different delay time depending on orienting direction of the
reception beam and the distance between the transducer and
the focal position. Accordingly, in the digital beam forming,
delay times of the reception data received at respective trans-
ducers are made uniform, and then the pieces of reception
data are added together to form a reception beam.

[0004] In a conventional ultrasonic diagnostic apparatus,
the reception data is stored in time series in a receiving order
in an FIFO (First In First Out) memory provided in each
transducer. Then, by controlling the reading position from the
FIFO memory, the delay times which differ from each other
for each transducer are made uniform by coarse adjustment in
the unit of a sampling interval. Further, by interpolating data
within the sampling interval by an FIR (Finite Impulse
Response) filter, the delay times of each transducer are made
uniform by fine adjustment with an accuracy of the sampling
interval or less. Thereafter, the pieces of reception data are
added to form a reception beam.

[0005] As described above, in a conventional ultrasonic
diagnostic apparatus, interpolation data has been used to be
generated by inputting a plurality of pieces of sampling data
(for example, four successive pieces of sampling data) read
out from the FIFO memory into an FIR filter having multiple
taps (for example, 4 taps) in time series. This interpolation
data is generated for each transducer, that is, for each recep-
tion channel, and the pieces of interpolation data generated at
each reception channel are added to form a reception beam.
However, there may be a case in which the reception data
which is needed for performing fine adjustment of delay
times of each transducer with an accuracy of a sampling
interval or less is not in the order of time series. For example,
when four pieces of sampling data of “5”, “6”, “7”, and “8”
are inputted into the FIR filter, it is supposed that data
between “6” and “7” (for example, 6.3, etc.) can be interpo-
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lated. When data to be interpolated next is between “8” and
“9” (for example, 8.5 etc.), required data will be 77, “8”, “9”,
and “10”. Since pieces of data are stored in the order of time
series in an FIFO memory, the pieces of sampling data which
can be acquired following “5”, “6”, “7”, and “8” are “6”, <7,
“8”, and “9”. In this way, in a conventional FIR filter, when
pieces of data to be interpolated are spaced apart by one or
more sampling points, there is a case where necessary data
cannot be read, and interpolation data cannot be calculated.
[0006] A conventional ultrasonic diagnostic apparatus is
configured such that by setting a sampling interval large, it is
made possible to calculate interpolation data within arange of
sampling data read into the FIR filter. However, increasing the
sampling interval tends to cause deterioration of image qual-
ity of the ultrasonic image to be finally generated.

[0007] Thus, there is a need for an ultrasonic diagnostic
apparatus, an interpolation processing unit, and an interpola-
tion processing method, which can concurrently and collec-
tively acquire reception data which is necessary for interpo-
lation, without increasing the sampling interval.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0009] FIG. 1 is a schematic block diagram to show an
example of an ultrasonic diagnostic apparatus relating to an
embodiment;

[0010] FIG. 2 is a functional block diagram to show an
example of the functional configuration of the reception beam
former of the ultrasonic diagnostic apparatus relating to an
embodiment;

[0011] FIG. 3 is a flow chart to show an example of the
operation of the ultrasonic diagnostic apparatus relating to the
first embodiment;

[0012] FIG. 4A shows a case of a focal position A;

[0013] FIG. 4B shows a case of a focal position B, in which
the focal positions A and B are different in the distance from
the body surface of the object;

[0014] FIG. 5illustrates the need of the data interpolation in
the formation of reception beam;

[0015] FIG. 6A shows sampling data which becomes nec-
essary when calculating interpolation data (“6.6) in the focal
position A of the transducer A and interpolating data (“8.3”)
at a focal position B as illustrated;

[0016] FIG. 6B is a diagram to illustrate a method of storing
reception data for sampling points in an FIFO memory in a
conventional ultrasonic diagnostic apparatus;

[0017] FIG. 6C shows an example of a digital circuit of an
FIR filter;
[0018] FIG. 7A shows sampling data which becomes nec-

essary when calculating interpolation data (“6.6”) in the focal
position A of the transducer A and interpolating data (“8.3)
at a focal position B as illustrated in FIG. 6A;

[0019] FIG. 7B is a diagram to illustrate a method of taking
out sampling points of “57, “6”, “7”, and “8” from the
memory circuitry according to a present embodiment;
[0020] FIG. 7C is a diagram to illustrate a method of taking
out sampling points of “7”, “8”, “9”, and “10” from the
memory circuitry according to the present embodiment;
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[0021] FIG. 8is a diagram to illustrate a data interpolation
method of the ultrasonic diagnostic apparatus relating to the
first embodiment;

[0022] FIG. 9 is a flow chart showing an example of the
operation of the ultrasonic diagnostic apparatus relating to the
second embodiment; and

[0023] FIG. 10 is adiagram to illustrate a data interpolation
method of the ultrasonic diagnostic apparatus relating to the
second embodiment.

DETAILED DESCRIPTION

[0024] Hereinbelow, a description will be given of an ultra-
sonic diagnostic apparatus, an interpolation processing unit,
and an interpolation processing method according to embodi-
ments of the present invention with reference to the drawings.

[0025] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus includes a plurality of transducers,
a memory circuitry, a processing circuitry, a data interpola-
tion circuitry, and an image generating circuitry. The plurality
of transducers transmits an ultrasonic wave and receives a
reflected wave from an interior of an object. The memory
circuitry stores a plurality of pieces of reception data in an
order of reception, the plurality of pieces of reception data
being received continuously in a time series, and is specified
reading positions in an order different from the order of
reception. The processing circuitry calculates a delay time to
be set for every reception data from each of the plurality of
transducers, and calculates, based on the delay time, reading
positions for acquiring a plurality of pieces of reception data
to be used for calculating interpolation data from the memory
circuitry. The data interpolation circuitry calculates interpo-
lating data based on the plurality of pieces of reception data
acquired from the calculated reading positions of the memory
circuitry. The image generating circuitry generates an ultra-
sonic image based on a reception beam formed by using the
interpolation data.

(1) Configuration

[0026] FIG. 1 is a schematic block diagram to show an
example of an ultrasonic diagnostic apparatus 1 relating to an
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
apparatus 1 comprises an ultrasonic probe 2, an apparatus
body 3, a display 70, and an input circuit 80.

[0027] The ultrasonic probe 2 is connected with the appa-
ratus body 3 viaa cableetc. and transmits ultrasonic wave into
an object by bringing its distal end thereof into contact with
the body surface of the object. The ultrasonic probe 2 includes
atits distal end a plurality of transducers 10 (10a, 105.. .. 10%)
which transmit and receive an ultrasonic signal.

[0028] A plurality of (N) transducers 10 are arranged one-
dimensionally in a distal end portion of the ultrasonic probe 2.
Thetransducer 10, which is an electroacoustic transducer, has
a function of converting an electric pulse into an ultrasonic
pulse (transmitted ultrasonic wave) at the time of transmis-
sion, and converting an ultrasonic reflected wave (received
ultrasonic wave) into an electric signal (reception signal) at
the time of reception. Note that the arrangement of the trans-
ducers is not limited to be one-dimensional, and may also be
arranged to be two-dimensional.

[0029] Theapparatus body 3 comprises a control circuit 20,
a transmitter 30, a receiver 40, a reception beam former 50,
and an image generating circuitry 60.
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[0030] The control circuit 20 includes a processor such as a
CPU (Central Processing Unit), and a storage apparatus and
comprehensively controls each portion of the ultrasonic diag-
nostic apparatus 1.

[0031] The transmitter 30 generates a transmission signal
for radiating transmitted ultrasonic wave according to the
control of the control circuit 20. As a result of each transducer
10 being driven based on the generated transmission signal, a
transmitted ultrasonic wave is radiated into a living body.
[0032] The receiver 40 inputs reception signals from a liv-
ing body received from the respective transducers 10 (10q,
105...10%) into amplifiers 41 (41a,415. .. 41x), and coverts
the amplified reception signals into digital data with A/D
converters 43 (43a, 435 . . . 43n).

[0033] Note that in the example of FIG. 1, although the
transmitter 30 and the receiver 40, which give and receive
signals to and from the transducers 10, and the reception
beam former 50 are constructed in the apparatus body 3, they
may be constructed in the ultrasonic probe 2.

[0034] The reception beam former 50 calculates interpola-
tion data from the reception data sampled at the receiver 40
according to delay times, executing phasing addition process-
ing and thereby forms a reception beam. Hereafter, data for
which delay times are made uniform based on the reception
data is referred to as interpolation data. The reception beam
former 50 forms a reception beam for each orienting direction
of the reception beam by adding all the interpolation data for
each focal position.

[0035] The image generating circuitry 60 includes a pro-
cessor and a memory circuitry. The processor of the image
generating circuitry 60 realizes a B-mode processing function
61 and a color-mode processing function 63 by executing
programs stored in the storage circuit, and generates an ultra-
sonic image such as B-mode data, color Doppler data, and
Doppler spectrum based on obtained reception beams. The
image generating circuitry 60 generates a B-mode image and
a color Doppler image as an ultrasonic image by saving
B-mode data and color-Doppler data in correspondence with
the scanning direction, and generates a Doppler spectrum
image and an M-mode image as an ultrasonic image by saving
the Doppler spectrum and B-mode data obtained in the pre-
determined scanning direction in time series.

[0036] The display 70 displays the generated ultrasonic
image, etc. according to the control of the control circuit 20.
[0037] The input circuit 80 includes various switches, but-
tons, a track ball, a touch panel, amouse, and a key board, etc.
for taking in various instructions from the operator, condi-
tions, setting instruction of region of interest (ROI), and vari-
ous image quality conditions setting instruction etc. into the
ultrasonic diagnostic apparatus 1.

[0038] FIG. 2 is a functional block diagram to show an
example of the functional configuration of the reception beam
former 50 of the ultrasonic diagnostic apparatus 1 relating to
an embodiment. The reception beam former 50 comprises a
delay controller 100 (100a,1005 . . . 100%) and an adder 200.
A number of delay controllers 100 corresponding to the num-
ber of transducers 10 are constructed in the reception beam
former 50.

[0039] The delay controller 100 has a memory circuitry
101, as well as a processing circuitry which includes at least
a processor and a storage circuitry. The processing circuitry
of the delay controller 100 implements a delay calculation
function 103 by executing a program stored in the storage
circuitry. Moreover, the delay controller 100 further has a data
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interpolation circuitry 105. Note that the delay calculation
function 103 ofthe delay controller 100 may be implemented
by hardware logic without using a processor. Moreover, the
data interpolation circuitry 105 of the delay controller 100,
and the adder 200 may be replaced by a function which is
implemented by a processor executing a program.

[0040] The memory circuitry 101 is configured to store a
plurality of pieces of reception data in an order of reception,
the plurality of pieces of reception data being received con-
tinuously in a time series, and to be able to be specified
reading positions which are in an order different from the
order or reception. The reception signal received at the
receiver 40 is amplified by the amplifier 41, and is thereafter
converted into digital data by an A/D converter 43 to be
accumulated in the memory circuitry 101 as reception data.
The memory circuitry 101 divides and stores reception data
for each data set so as to be able to concurrently and collec-
tively read out the data which is needed in the data interpo-
lation circuitry 105. The method of storing the reception data
in the memory circuitry 101 will be described below.

[0041] The delay calculation function 103 which is imple-
mented by the processing circuitry of the delay controller 100
is a function of calculating a delay time to be set for each
reception data from each of a plurality of transducers (10a,
104...10n), and based on the delay time, calculating reading
positions for acquiring a plurality of pieces of reception data,
which are used for calculation of interpolation data, from the
memory circuitry 101. For example, the delay calculation
function 103 calculates a delay time according to the orient-
ing direction of the reception beam and the distance between
each focal position and each transducer 10, and based on the
delay time, calculates reading positions for acquiring recep-
tion data, which are needed for calculating interpolation data
from the memory circuitry 101. The delay time changes
according to the orienting direction of the reception beam to
be formed, as well as to the distance between the focal point
and each transducer 10 for receiving signals. Fach reception
beam is formed by adding the reception data received at each
transducer 10 with the delay time thereof being made uni-
form. Note that although, in FIG. 2, an example in which the
delay calculation function 103 exists for each delay controller
100, the delay calculation function 103 may exist as a com-
mon configuration for all the delay controllers 100. The delay
time will be described later.

[0042] The data interpolation circuitry 105 includes, for
example, an interpolation filter which weights a plurality of
pieces of reception data acquired from the memory circuitry
101 with respective coefficients, and thereafter adds them to
calculate interpolation data. When making the data, which is
to be added to form the reception data, be uniform according
to delay times, it becomes necessary to interpolate the recep-
tion data which is digital data. The data interpolation circuitry
105 acquires some of the pieces of reception data (hereafter,
referred to as sampling data) to calculate interpolation data.
The calculation of the interpolation data will be described
later.

[0043] The adder 200 adds interpolation data calculated at
each focal position to form a reception beam at each focal
position. Based on thus formed reception beam, an ultrasonic
image is generated in the image generating circuitry 60.

(2) Operation

[0044] Hereafter, a method of storing reception data in a
memory and a method of interpolating data will be described
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as a “first embodiment”, and in addition to the first embodi-
ment, a method of interpolating data, in which when the
reception data acquired from the memory overlaps, only dif-
ference data (a subtractive difference thereof) is acquired
from the memory is described as a “second embodiment”.

First Embodiment

[0045] The first embodiment relates to a method of storing
reception data in a memory, and a method of interpolating
data.

[0046] FIG. 3 is a flow chart to show an example of the
operation of the ultrasonic diagnostic apparatus 1 relating to
the first embodiment.

[0047] In ST101, an ultrasonic signal is transmitted from
each transducer 10.

[0048] In ST103, each transducer 10 acquires a reception
signal.
[0049] InST105, the signal acquired by each transducer 10

is amplified by the amplifier 41, and reception data which is
digitally converted by the A/D converter 43 is acquired.
[0050] In ST107, the memory circuitry 101 divides and
stores the reception data.

[0051] In ST109, the delay calculation function 103 calcu-
lates a delay time.

[0052] In ST111, the delay calculation function 103 deter-
mines reading positions of the reception data from the
memory circuitry 101 according to the delay time.

[0053] FIGS. 4A and 4B are diagrams to illustrate the delay
time of the ultrasonic diagnostic apparatus 1. FIG. 4A shows
a case of a focal position A, and FIG. 4B shows a case of a
focal position B, in which the focal positions A and B are
different in the distance from the body surface of the object.
FIGS. 4A and 4B show ultrasonic waves transmitted from the
transducer 10. FIGS. 4A and 4B show, in the upper portions
thereof, a reference transducer and an transducer A. The
reference transducer is an transducer which serves as a refer-
ence when calculating delay time, and in FIGS. 4A and 4B,
the transducer A is another transducer 10 with reference to the
reference transducer. FIGS. 4A and 4B describe the delay
times of the reference transducer and the transducer A.
[0054] FIG. 4A shows a distance (R1) from the focal posi-
tion A to the reference transducer, and a distance (R2) from
the focal position A to the transducer A. As shown by the
lengths of arrows of R1 and R2 shown in the lower portion of
FIG. 4A, the distance from the focal position A varies depend-
ing on the position of the transducer 10. For example, when an
ultrasonic wave transmitted from the reference transducer is
received by the reference transducer and the transducer A, the
delay times of the reference transducer is (R1+R1)/Vs, and
the delay time of the transducer A will become (R1+R2)/Vs
(where, Vs indicates an ultrasound velocity in an object). That
is, the reception timing of the transducer A is delayed by an
amount corresponding to the difference in distance R2-R1
compared with the reference transducer. In this way, when the
distance from the focal position to the transducer 10 is differ-
ent, the timing to receive a reception signal at each transducer
10 will be different. The ultrasonic diagnostic apparatus 1
adjusts such difference in the reception timing which differs
in each transducer 10 based on delay times.

[0055] FIG. 4B shows a distance (R1) from the focal posi-
tion B to the reference transducer, and a distance (R2) from
the focal position B to the transducer A. The focal position B
is located at a deeper position than the focal position A shown
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in FIG. 4A. FIG. 4B, as well as FIG. 4A, shows that the delay
time differs depending on the distance between the focal
position and the transducer.

[0056] Arrows shown in the lower portion of FIGS. 4A and
4B indicate the difference in the distance from the focal
position between the transducers to the transducer (that is,
difference in reception timing). The arrow shown in the lower
portion of FIG. 4A indicates a difference “a” of the distance
R1 from the focal position A to the reference transducer, and
the distance R2 from the focal position A to the transducer A.
Similarly, the lower portion of FIG. 4B indicates a difference
“b” of the distance R1 from the focal position B to the refer-
ence transducer and the distance R2 from the focal position B
to the transducer A.

[0057] As shown in the lower portion of FIGS. 4A and 4B,
when the focal position is deep (focal position B), the differ-
ence in the distance from the focal position to each transducer
becomes smaller compared with when the focal position is
shallow (focal position A). In this way, the difference in the
delay time generated between transducers is not fixed and
varies depending on the focal position.

[0058] Ina digital beam forming, each transducer receives
reception signals concurrently and in parallel from focal posi-
tions of a plurality of orienting directions, and of a plurality of
depths to generate an ultrasonic image. Therefore, the delay
calculation function 103 calculates delay times for each focal
position which is present in multiple numbers in each orient-
ing direction. For example, in the example of FIGS. 4A and
4B, the delay time (R1+R1)/Vs of the reference transducer
and the delay time (R1+R2)/Vs of the transducer A are cal-
culated, and based on these delay times, the reception data of
each transducer 10 is made uniform to form a reception beam.
However, since the reception data is digital data, and is
acquired according to a sampling interval conforming to a
sampling theorem, data corresponding to the sampling data of
the reference transducer may become data between sampling
data at another transducer 10. In such a case, it is necessary to
determine data by interpolation based on the sampling data.

[0059] FIG. Sillustrates the need of the data interpolation in
the formation of reception beam. FIG. 5 shows an example in
which the reception signals received by the reference trans-
ducer and the transducer A illustrated in FIGS. 4A and 4B are
sampled at a constant time interval. The ordinate of each
graph shows the signal intensity of the reception signal, and
the abscissa shows the delay time (distance). Here, the dis-
tance refers to the distance in the depth direction from the
transducer 10 to the focal position. As shown in FIGS. 4A and
4B, the delay time varies depending on the distance between
the focal position and the transducer 10. Note that a numerical
value of the abscissa shows a sampling point, and a numerical
value shown with quotation marks (“ ™) in the following
description indicates a sampling number of the reception data
corresponding to the distance (that is, the distance of the focal
position in the depth direction of the object). Therefore, data
of “5” means the sampling data (reception data) correspond-
ing to “distance 5”.

[0060] Theupper half of FIG. 5 shows sampling data of the
reference transducer shown in FIGS. 4A and 4B. For
example, it is supposed that data “5” of FIG. 5 is a sampling
point corresponding to the delay time (R1+4R1)/Vs of the
reference transducer at the focal position A shown in FIG. 4A,
and “6” of FIG. 5 is the sampling point at the focal position B
shown in FIG. 4B.
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[0061] Similarly, the lower half of FIG. 5 shows the sam-
pling data of the reference transducer A shown in FIGS. 4A
and 4B. In the lower half of FIG. 5, the data of the transducer
A corresponding to the sampling point “5” of the reference
transducer is located at a position between the sampling
points “6” and “7” (for example, 6.6). Similarly, the data of
the transducer A corresponding to the sampling point “6” of
the reference transducer is located at a position between the
sampling points “8” and “9” (for example, 8.3).

[0062] A reception beam is formed by adding the reception
data of each focal position of each transducer with the delay
times thereof being made uniform. The data at a position of
“6.6” and the data at a position 0f “8.3” of the transducer A are
not included in the sampling data because they are located
between sampling points. Therefore, these data need to be
calculated by interpolation processing.

[0063] For example, when interpolation data is calculated
by using four pieces of data, the interpolation processing is
performed based on two pieces of data before and after cen-
tering on the interpolation data to be calculated. That is, in
FIG. 5, to interpolate the data of a position of “6.6” of the
transducer A, the pieces of reception data of the sampling
points of“5”,“6”,“7”, and “8” are used (in the range of arrow
A). Similarly, to interpolate the data of a position of “8.3” of
the transducer A, the pieces of reception data of the sampling
points of “77, “8”, “9”, and “10” are used (in the range of
arrow B).

[0064] Thus, the delay calculation function 103 calculates
the delay time of each transducer 10 (ST109), and determines
the position of necessary interpolation data according to the
calculated delay time. Further, by determining the sampling
data before and after that position, the delay calculation func-
tion 103 determines reading positions from the memory cir-
cuitry 101 (ST111).

[0065] Referring back to FIG. 3, the calculation method of
interpolation data and the formation of reception beam will be
described further.

[0066] In ST113, the data interpolation circuitry 105 reads
out reception data from the memory circuitry 101.

[0067] In ST115, the data interpolation circuitry 105 cal-
culates interpolation data.

[0068] InST117,the pieces of interpolation data calculated
by the adder 200 are added to form a reception beam. The
reception beam is formed at each focal position. Once a
reception beam of a certain focal position is formed, a recep-
tion beam at a next focal position is formed successively. Note
that there may be a case where calculation of interpolation
data is not needed, and the reception data itself of the trans-
ducer 10 is available depending on the relationship between
the transducer 10 and the focal position. In such a case, the
reception beam may be formed by using both the reception
data itself and the interpolation data.

[0069] InST119, an ultrasonic image is generated based on
the generated reception beam in the image generating cir-
cuitry 60. The reception beam is formed based on a plurality
of directions, and a plurality of depths (focal positions), and
an ultrasonic image is generated from those reception beams.

[0070] In ST121, an ultrasonic image is displayed on the
display 70.
[0071] Hereafter, amethod of calculating interpolation data

and forming a reception beam will be described. While a
reception beam is formed for each focal position, when for
example, a reception beam is formed at a focal position B
following the focal position A shown in FIGS. 4A and 4B,
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first, sampling data of ““5” ofthe reference transducer and data
of the position “6.6” of the transducer A are added to form a
reception beam at a focal position A. Next, data of the sam-
pling point “6” of the reference transducer and the data of the
position “8.3” of the transducer A are added to form a recep-
tion data at a focal position B. Therefore, when calculating
interpolation data, after using the sampling data of “5”, “6>,
“77, and “8” to calculate interpolation data of “6.6”, data of
“77, 487, “0”, and “10” are needed to calculate interpolation
data of “8.3” which is the next interpolation data.

[0072] FIGS. 6A, 6B and 6C are diagrams to illustrate a
data interpolation method in a conventional ultrasonic diag-
nostic apparatus.

[0073] As shown in the left-side diagram in FIG. 6A, the
interpolation data of a position of “6.6” of the transducer A is
data between “6” and “7”, and is calculated based on the
reception data of sampling points of “5”, “6”, “7”, and “8”.
Similarly, as shown in the right-side diagram in FIG. 6A, the
interpolation data of the position of “8.3” of the transducer A
is data between “8” and ““9”, and is calculated from the recep-
tion data of the sampling points of “7”, “8”, “9”, and “10”.

[0074] As shown in FIG. 6B, in a conventional ultrasonic
diagnostic apparatus, reception data for each sampling point
are stored in an FIFO memory. The FIFO memory is a
memory in which data is stored from the right end in the order
of input, and can be taken out in the order of input. For
example, when reception data of “4” is taken out, the next data
to be taken out will be reception data of “5”. Therefore, after
having calculated the interpolation data of a position of “6.6”
ofthe transducer A from “5”,“6”,“7”, and “8”, the data which
can be taken out next from the FIFO memory are “6”, “7”,
“8”, and “9”. Therefore, it is not possible to concurrently and
collectively acquire the reception data of “7”, “8”, “9”, and
“10” which are needed for calculating the interpolation data
of “8.3” of the transducer A to be calculated next from the
memory. In this way, upon forming a reception beam succes-
sively for each focal position, there may be a case, in a
conventional ultrasonic diagnostic apparatus, in which the
reception data needed for interpolation cannot be acquired.

[0075] FIG. 6C shows an example of a digital circuit of an
FIR filter. FIG. 6C shows an example of the FIR filter having
a tap number of 4. SO to S2 each indicate a unit delay circuit,
m0 to m3 each indicate a multiplication circuit to multiply the
inputted reception data by a coefficient, and ¢0 to c3 each
indicate a coefficient of the multiplication circuit. The recep-
tion data read from the FIFO memory is inputted to the
multiplication circuits (m0, m1, m2, and m3) in the order of
sampling by the unit delay circuit. A coefficient is set respec-
tively for each multiplication circuit, and pieces of inputted
reception data are weighted by the set coefficient. The recep-
tion data which has been weighted by the multiplication cir-
cuit is inputted to the adding circuits (al, a2, and a3) to be
added and outputted as interpolation data. For example, when
calculating interpolation data of “6.6” (when n is “8”) from
the reception data of the sampling points “5, “6, “7”, and
“8”, reception data of “5” (n-3) is inputted to m3 at the right
end; the reception data of “6” (n-2) into m2; the reception
data of “7” (n-1) into m1; and the reception data of “8” (n)
into m0, respectively. The pieces of inputted reception data
are weighted by the coefficients c0 to c3 set in the multipli-
cation circuits m0 to m3, respectively and are added in the
adding circuits al to a3 so that interpolation data of “6.6” is
outputted.
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[0076] As described above, after the interpolation data of
“6.6” of the transducer A at a focal position A is calculated, it
is necessary to calculate the interpolation data of “8.3” of the
transducer A at a focal position B. Therefore, after the calcu-
lation using “5”, “6”, “7”, and “8”, the pieces of data needed
next in the FIR filter are “77, “8”, “9”, and “10”.

[0077] However, after the sampling points of “5”, “6”, “7”,
and “8” are read, the data which is next taken out from the
FIFO memory will be the data of the sampling point “9”.
Therefore, the pieces of data of “6”, “7”, “8”, and “9” are
inputted into the FIR filter. For this reason, in a conventional
ultrasonic diagnostic apparatus, after calculating “6.6”, it is
not possible to concurrently and collectively read the recep-
tion data needed for interpolating data, which is located at a
position apart from the previous interpolation data by a dis-
tance of one or more sampling points, such as “8.3”. In order
to avoid such a case, a conventional ultrasonic diagnostic
apparatus is configured such that sampling intervals are
increased at sacrifice of image quality, making it possible to
calculate the interpolation data by using the sampling data
inputted into the FIFO memory according to time series.
[0078] On the other hand, the ultrasonic diagnostic appa-
ratus 1 relating to the present embodiment solves the above
described problem by a data interpolation method, in which
reception data is stored in a memory in a different manner
from in the FIFO memory, thereby allowing to concurrently
and collectively take out data and input the reception data into
an interpolation filter.

[0079] FIGS.7A, 7B and 7C are diagrams to illustrate data
input and output in a memory of an ultrasonic diagnostic
apparatus 1 relating to an embodiment. FIG. 7A, as well as
FIG. 6A, shows sampling data which becomes necessary
when calculating interpolation data (“6.6”) in the focal posi-
tion A of the transducer A and interpolating data (“8.3”) at a
focal position B as illustrated in FIGS. 6A, 6B and 6C. For
example, when using an interpolation filter, which calculates
interpolation data based on four pieces of reception data, as
shown in the left-side diagram of FIG. 7A, the interpolation
data “6.6”, which is located between “6” and “7”, is calcu-
lated based on the sampling data of “5”, “6”, “7”, and “8”.
Similarly, as shown in the right-side diagram of FIG. 7A, the
interpolation data of “8.3” which is located between “8” and
“9”, is calculated from the sampling data of 77,87, 9", and
“107.

[0080] FIG. 7B is a diagram to illustrate a method of taking
out sampling points of “57, “6”, “7”, and “8” from the
memory circuitry 101. The ultrasonic diagnostic apparatus 1
relating to the present embodiment divides reception data
according to the number of pieces of datato be used in the data
interpolation circuitry 105, and stores them in the memory
circuitry 101. In the present embodiment, description will be
made on an example in which when interpolation data is
calculated based on four pieces of reception data, the recep-
tion data is divided into four data sets to be stored in the
memory circuitry 101 such that the interval of data becomes
four. To be specific, as shown in the first level of the memory
circuitry 101 of FIG. 7B, sampling points <07, “4™, “8”,*12”,
“16”, . . . are stored in a memory region as one data set, and
similarly sampling points “17,“5”,“9”, “13”, and “17” .. .are
stored in a memory region as one data set. Storing in this way
and reading necessary data one from each data set allows
concurrent and collective acquisition thereof.

[0081] FIG. 7C is a diagram to illustrate a method of taking
out sampling points of “7”, “8”, “9”, and “10” from the
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memory circuitry 101. The reception data necessary for inter-
polation is stored in one for each data set. As a result of that,
a plurality of pieces of reception data, which are arranged in
time series, can be acquired concurrently and collectively
without need of reading them one by one in the order of time
series. That is, according to the configuration of the memory
circuitry 101 of the embodiment, unlike a conventional ultra-
sonic diagnostic apparatus, there is no restriction that after
reading out “5”, “6”, “7”, and “8”, the reception data needs to
be read out by shifting them each time by one sampling point
so as to be “77, “8”, “9”, and “10”. Therefore, after reading
out “5”,“6”, “7”, and “8”, it is possible to read out “7”, “8”,
“9” and “10” concurrently and collectively by skipping one
sampling point, and also possible to read out “8”, “9”, “10”,
and “11” by skipping 2 sampling points.

[0082] FIG. 8is a diagram to illustrate a data interpolation
method of the ultrasonic diagnostic apparatus 1 relating to the
first embodiment. FIG. 8 shows an example of an interpola-
tion filter included in the data interpolation circuitry 105. The
interpolation filter comprises a tap control circuit, a multi-
plexer, a multiplication circuit, and an adding circuit.

[0083] Thetap control circuit controls the multiplexer such
that a plurality of pieces of reception data is inputted to the
multiplication circuit in the order of time series.

[0084] Themultiplexerselects reception data to be inputted
to the multiplication circuit out of a plurality of pieces of
reception data based on the control of the tap control circuit.

[0085] The multiplication circuit multiplies the reception
data inputted from the multiplexer by a coefficient, and the
adding circuit outputs interpolation data in which calculated
results in the multiplication circuits are added respectively.

[0086] In the example of FIG. 8, S0 to S3 each indicate a
unit delay circuit, m0 to m3 a multiplication circuit; c0 to ¢3
a coefficient of the multiplication circuit, and a trapezoid a
multiplexer. The sampling data read from the memory cir-
cuitry 101 is inputted collectively into respective multiplex-
ers. On the other hand, one sampling data which has been
selected at a multiplexer by the control of the tap control
circuit is inputted to the multiplication circuit, Coefficients
(c0, c1, c2, c3) are set respectively in the multiplication cir-
cuits, and the pieces of inputted sampling data are weighted
by the coefficients and are thereafter added by the adding
circuit to calculate interpolation data.

[0087] FIG. 8 shows anexample in which data is inputted to
each multiplication circuit from the memory circuitry 101 via
a path shown by a thick line. Note that although a unit delay
circuit is shown in the example of FIG. 8, it can be omitted
since sampling data can be inputted to the multiplication
circuit by using a multiplexer.

[0088] The example of FIG. 8 shows a case in which inter-
polation data (6.6) of the transducer A at a focal position A
is calculated. The delay calculation function 103 determines
sampling data needed for calculating the interpolation data
(“6.6”) to be “57, “67, “7”, and “8”, and determines the
reading positions in the memory circuitry 101. When the
sampling data needed for interpolation is determined by the
delay calculation function 103, the reading positions of the
sampling data from the memory circuitry 101 are determined
at the same time. As shown by shadowing in the memory
circuitry 101 of FIG. 8, the delay calculation function 103
determines addresses corresponding to the sampling points
“57,“6”, “7”, and “8” and conveys them to the tap control
circuit of the data interpolation circuitry 105.
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[0089] As shown by thick lines in FIG. 8, the tap control
circuit reads out the inputted sampling data from the memory
and inputs them into the multiplication circuits m0 to m3. For
example, when pieces of sampling data of <5, “6”, “7”, and
“8” are inputted to the data interpolation circuitry 105, these
four pieces of sampling data are inputted to m3 to m0.
Although all the pieces of the sampling data of “5”, “6”, “7”,
and “8” are inputted to each multiplexer, sampling data is
selected by the control of the tap control circuit and inputted
to each multiplication circuit. As a result of such control, the
multiplication circuit m3 is inputted with “5”, m2 with “6”,
ml with “7”, and m0 with “8”, respectively. The pieces of
sampling data inputted to the multiplication circuits (m0, m1,
m2, m3)are weighted by coefficients (c0, 1, c2, ¢3) setin the
multiplication circuits, and thereafter added by the adding
circuits (al, a2, a3) to generate interpolation data. Note that
the coefficients set in the multiplication circuits can be set in
various ways depending on distances of the data to be inter-
polated from the sampling point. For example, when interpo-
lating data to be calculated is to be positioned between “6”
and “7” by using the sampling data of “5”, “6”, “7”, and “8”,
if the position of data to be interpolated is closer to the
sampling point “6” (for example, 6.2), concerning the coef-
ficients (c1, ¢2) for the two pieces of central sampling data
(“6” and “7”), the coeflicient c1 which is multiplied with the
data of “6” is set to be larger than the coefficient c2. On the
other hand, if the position of the data to be interpolated is
closer to the sampling point “7” (for example 6.8), the coef-
ficient ¢2 which is to be multiplied with the data of “7” is set
to be larger than the coefficient c1.

[0090] Note that in the above described example, since the
data of the reference transducer is present in the sampling
data, the interpolation processing can be omitted.

[0091] In this way, by adding all the calculated interpola-
tion data for each focal position by the adder 200, a reception
beam is formed for each focal position. For example, in the
example of FIG. 5, interpolation data is calculated for each of
“5” of the reference transducer and “6.6” of the transducer A
for the focal point A. These pieces of interpolation data are
added together to form a reception beam of the focal position
A. Further, as to the focal position B which is the next focal
position as well, interpolation data is calculated for each of
“6” of the reference transducer and “8.3” of the transducer A,
and these interpolation data are added together to form a
reception beam.

[0092] Inthis way, for each of a plurality of focal positions
included in a reception beam having a certain orienting direc-
tion, interpolation data is calculated (ST115), and a reception
beam is formed (ST117). Based on the formed reception
beam, an ultrasonic image is generated (ST119) and is dis-
played on a display 70 (ST121).

[0093] In this way, the ultrasonic diagnostic apparatus 1
relating to the first embodiment can acquire reception data
concurrently and collectively from the memory by dividing
the reception data and storing them in the memory circuitry
101. Moreover, in order to interpolate data which is apart
from the immediately prior interpolation by one sampling
point or more, the ultrasonic diagnostic apparatus 1 can read
out necessary sampling data from the memory and calculate
interpolation data. Therefore, it is possible to acquire data at
aproper sampling interval, and prevent deterioration of image

quality.
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Second Embodiment

[0094] A second embodiment relates to a method of inter-
polation in which when reception data to be acquired from a
memory overlaps, only difference data (a subtractive differ-
ence thereof) is acquired from the memory to perform inter-
polation.

[0095] FIG. 9 is a flow chart showing an example of the
operation of the ultrasonic diagnostic apparatus 1 relating to
the second embodiment. The steps in which the same opera-
tions as in the first embodiment are performed are denoted by
the same numbers.

[0096] In ST201, the delay calculation function 103 judges
whether or not the reception data to be used for the current
interpolation overlaps with the reception data which has been
used in the previous interpolation. When there is no overlap
(No), interpolation data is generated by the method described
regarding the first embodiment in ST115. On the other hand,
when there is an overlap (Yes), the delay calculation function
103 determines the reading position of the reception data
which constitutes a subtractive difference, and conveys it to
the data interpolation circuitry 105.

[0097] In ST203, the data interpolation circuitry 105 reads
out only the reception data of the subtractive difference from
the memory circuitry 101.

[0098] FIG.10is adiagram to illustrate a data interpolation
method of the ultrasonic diagnostic apparatus 1 relating to the
second embodiment. As with the example of FIG. 8, the data
interpolation circuitry 105 shown in FIG. 10 comprises a tap
control circuit, multiplexers, multiplication circuits, and add-
ing circuits.

[0099] In the example of FIG. 10, the number of the sam-
pling point used in the previous interpolation is shown in the
upper left portion of each of unit delay circuits S0 to S3, and
a state after the interpolation data of “6.6” position is calcu-
lated is shown. That is, the reception data “5” which is used
for “6.6” interpolation exemplified in FIG. 7A is stored in the
unit delay circuit S3; “6” in a unit delay circuit S2; “7” in a
unit delay circuit S1; and “8” in a unit delay circuit S0,
respectively.

[0100] When datato be calculated next is interpolation data
at a position of “8.3”, it is necessary that pieces of sampling
data of “77, 87, “9”, and “10” are read into the data interpo-
lation circuitry 105. Here, the delay calculation function 103
judges that since pieces of sampling data of “7” and “8” are
overlapped between the previous and current interpolations,
pieces of data which need to be newly read from memory
circuitry 101 are sampling data of “9” and “10”.

[0101] Then, as shown by dotted lines in FIG. 10, the tap
control circuit of the data interpolation circuitry 105 controls
the multiplexers located on the left sides of the unit delay
circuits S2 and S3 so as to move “7” from the unit delay circuit
S1 to the unit delay circuit S3, and move “8” from the unit
delay circuit SO to the unit delay circuit S2 of the overlapping
data of “7” and “8”. As a result of such control, pieces of
overlapping sampling data of “7”” and “8” are stored in the umit
delay circuits S2 and S3, respectively.

[0102] On the other hand, pieces of sampling data of “9”
and “10” are newly read from the memory circuitry 101 and
stored in the unit delay circuits S0 and S1. As shown by thick
lines in FI1G. 10, “9” is stored in the unit delay circuit S1, and
“10” is stored in the unit delay circuit S0. In this way, based on
the control of the tap control circuit, “9” and “10” are selec-
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tively inputted to the unit delay circuits S1 and SO by the
multiplexers located at the left sides of the unit delay circuits
S1 and SO.

[0103] The pieces of sampling data stored in the unit delay
circuits S0 to S3 are inputted to the multiplication circuits m0
to m3. Coefficients (c0, c1, c2, c3) are respectively set in the
multiplication circuits, and the pieces of sampling data are
weighted by these coefficients, and thereafter added by the
adding circuits (al, a2, a3) to calculate interpolation data
(“8.3™).

[0104] In this way, since the number of pieces of data that
are read out from the memory circuitry 101 by the data inter-
polation circuitry 105 decreases as a result of reusing the
sampling data, which has been used in the previous interpo-
lation, in the next interpolation processing, it is possible to
increase the speed of the processing in the data interpolation
circuitry 105. Moreover, since the number of access to the
memory circuitry 101 decreases, it is possible to suppress
power consumption.

[0105] Note that although the first and second embodi-
ments have been described by taking an example of the ultra-
sonic diagnostic apparatus 1, interpolating processing units
and interpolation processing methods, which have the equiva-
lent configuration with that of the delay controller 100 of the
ultrasonic diagnostic apparatus 1, may be applied to the signal
processing such as image processing and voice processing.

[0106] Forexample, one example of such image processing
includes image compression processing. As an algorithm for
compression processing, there is one that determines data,
which is spaced apart by one or more sampling points from
the immediately prior interpolation, by interpolation. To be
specific, there is method of inputting respective pixels as
reception data, and determining necessary sampling points
depending on the positional relationship on the image of the
pixels, to create interpolation data. In such a case, a method
similar to the delay controller 100 which has been described
in the ultrasonic diagnostic apparatus 1 relating to the present
embodiment can be applied. In this way, the interpolation
processing unit and interpolation processing method relating
to the present embodiment are applicable to signal processing
for interpolating various data such as numerical values,
images, videos, or voices which are collected continuously in
the time series.

[0107] 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.

[0108] Note that the term “processor” of the present
embodiments means, for instance, a circuit such as a dedi-
cated or general-purpose CPU (Central Processing Unit), a
dedicated or general-purpose GPU (Graphics Processing
Unit), an ASIC (Application Specific Integrated Circuit), a
programmable logic device including an SPLD (Simple Pro-
grammable Logic Device) and a CPLD (Complex Program-
mable Logic Device) as examples, an FPGA (Field Program-
mable Gate Array), and the like. A processor achieves various
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types of functions by reading out programs stored in memory
circuitry and by implementing the programs.

[0109] In addition, programs may be directly installed in
the circuit of a processor instead of storing programs in the
memory circuitry. In this case, the processor achieves various
types of functions by reading out programs stored in its own
circuit and implementing the programs.

[0110] Although a case where a single processing circuitry
achieves each function has been explained above, this is only
an example. As another example, the processing circuitry
may be configured by combining a plurality of mutually
independent processers so that each function is achieved by
each processer that executes the corresponding program.
[0111] When a plurality of processors are used, a memory
medium for storing programs may be disposed for each pro-
cesser, or asingle memory circuitry may collectively store the
programs corresponding to the functions of all the processors.

1. An ultrasonic diagnostic apparatus, comprising:

a plurality of transducers configured to transmit an ultra-
sonic wave and receive an reflected wave from an inte-
rior of an object;

amemory circuitry configured to store a plurality of pieces
of reception data in an order of reception, the plurality of
pieces of reception data being received continuously ina
time series, and configured to be specified reading posi-
tions in an order different from the order of reception;

a processing circuitry configured to calculate a delay time
to be set for every reception data from each of the plu-
rality of transducers, and configured to calculate, based
on the delay time, reading positions for acquiring from
the memory circuitry a plurality of pieces of reception
data to be used for calculating interpolation data;

a data interpolation circuitry configured to calculate inter-
polating data based on the plurality of pieces of recep-
tion data acquired from the calculated reading positions
of the memory circuitry; and

an image generating circuitry configured to generate an
ultrasonic image based on a reception beam formed by
using the interpolation data.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein

the image generating circuitry generates the ultrasonic
image based on a reception beam formed by using both
the reception data themselves and the interpolation data.

3. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

adisplay displays the ultrasonic image which is generated
by the image generating circuitry.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein

the memory circuitry stores the plurality of pieces of recep-
tion data being received continuously in the time series
such that the plurality of pieces of reception data are
divided into a number of data sets, the number corre-
sponding to a number of the pieces of reception data to
be used for calculating the interpolation data.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein

when reception data used in a previous interpolation pro-
cessing and reception data needed in a current interpo-
lation processing overlap, the data interpolation cir-
cuitry acquires only difference data between the
reception data used in the previous interpolation pro-
cessing and the reception data needed in the current
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interpolation processing from the memory circuitry, and
calculates interpolating data by using both the difference
data and overlapping reception data.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein

the data interpolation circuit calculates the interpolation
data based on a coefficient according to positions of two
reception data between which the interpolation data to
be calculated is to be positioned.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein

the data interpolation circuitry includes:

a tap control circuit;

a multiplexer;

a multiplication circuit; and
an adding circuit, wherein

the tap control circuit connects with the multiplexer and
controls the multiplexer such that the plurality of pieces
of reception data, which are acquired from the memory
circuitry, are inputted to the multiplication circuit in the
order of the reception;

the multiplexer connects with the multiplication circuit and
selects, based on control of the tap control circuit, recep-
tion data to be inputted to the multiplication circuitout of
the plurality of pieces of reception data acquired from
the memory circuitry,

the multiplication circuit connects with the adding circuit
and multiplies each of the reception data inputted from
the multiplexer by a corresponding coefficient; and

the adding circuit adds results calculated in the multiplica-
tion circuit and outputs the interpolation data.

8. An interpolation processing unit for interpolating a part
of data collected continuously in a time series, the interpola-
tion processing unit comprising:

amemory circuitry configured to store data collected con-
tinuously in the time series in an order of collection, and
configured to be specified reading positions in an order
different from the order of the collection;

a processing circuitry configured to calculate reading posi-
tions for acquiring from the memory circuitry a plurality
of pieces of data, out of the data collected continuously
in the time series, to be used for calculating interpolation
data; and

a data interpolation circuitry configured to calculate inter-
polating data based on the plurality of pieces of data
acquired from the calculated reading positions of the
memory circuitry.

9. The interpolation processing unit according to claim 8§,

wherein

the data interpolation circuitry includes:

a tap control circuit;

a multiplexer;

a multiplication circuit; and
an adding circuit, wherein

the tap control circuit connects with the multiplexer and
controls the multiplexer such that the plurality of pieces
of data, which are acquired from the memory circuitry,
are inputted to the multiplication circuit in the order of
the collection;

the multiplexer connects with the multiplication circuit and
selects, based on control of the tap control circuit, the
data to be inputted to the multiplication circuit out of the
plurality of pieces of data acquired from the memory
circuitry,
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the multiplication circuit connects with the adding circuit
and multiplies each of the data inputted from the multi-
plexer by a corresponding coefficient; and

the adding circuit adds results calculated in the multiplica-

tion circuit and outputs the interpolation data.

10. An interpolation processing method of interpolating a
part of data collected continuously in a time series, the inter-
polation processing method comprising;

causing a memory circuitry to store data collected continu-

ously in the time series in an order of collection, the
memory circuitry being able to be specified reading
positions in an order different from the order of the
collection;

calculating reading positions for acquiring from the

memory circuitry a plurality of pieces of data, out of the
data collected continuously in the time series, to be used
for calculating interpolation data; and

calculating interpolating data based on the plurality of

pieces of data acquired from the calculated reading posi-
tions of the memory circuitry.
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