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(57) ABSTRACT

According to one embodiment, an ultrasonic diagnostic
apparatus comprises plurality of processing circuitry and
control circuitry. The control circuitry comprises a plurality
of processing circuitry interfaces, a plurality of internal
memories, and a control information interface. The plurality
of processing circuitry interfaces respectively connected to
the plurality of processing circuitry. The plurality of internal
memory respectively connected to the plurality of process-
ing circuitry interfaces. The control information interface
configured to transfer control information associated with at
least reception of the ultrasonic wave to at least one of the
plurality of internal memories.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND NON-TRANSITORY
COMPUTER-READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-039111, filed Mar. 1, 2016, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus and a non-transitory com-
puter-readable medium.

BACKGROUND

[0003] In general, processing associated with the trans-
mission/reception of ultrasonic waves in an ultrasonic diag-
nostic apparatus is performed for each PRI (Pulse Repetition
Interval) determined for each diagnosis mode in accordance
with transmission/reception conditions. For example, this
apparatus performs, for each PRI, the readout of control
parameters stored in a memory such as a RAM (Random
Access Memory), the transfer of the control parameters to
corresponding devices, the transmission of ultrasonic waves
based on the transferred control parameters, the reception of
ultrasonic echo signals associated with the transmitted ultra-
sonic waves, and the signal processing of the received
ultrasonic echo signals. Dedicated transmission and recep-
tion control circuitry controls processing associated with the
transmission/reception of ultrasonic waves.

[0004] The above transmission and reception control cir-
cuitry shares an internal bus which transfers control param-
eters to corresponding devices. One arbitration circuitry
included in the transmission and reception control circuitry
manages the right of use of the internal bus according to
round robin scheduling. Round robin scheduling is a scheme
of sequentially giving the right of use of the internal bus to
a plurality of control circuitry which attempt to transfer
control parameters associated with the transmission/recep-
tion of ultrasonic waves by using the internal bus. For
example, the transmission and reception control circuitry
executes processing associated with the transmission/recep-
tion of ultrasonic waves in the order of transmission, recep-
tion, and signal processing. The transmission and reception
control circuitry transfers control parameters necessary for
each process associated with the transmission/reception of
ultrasonic waves to corresponding devices by using the
internal bus. That is, until the completion of the transfer of
control parameters associated with one process, it is impos-
sible to use the internal bus for the transfer of control
parameters associated with other processes. In addition, it
takes much time to transfer control parameters to an external
bus with a low transfer rate, and it becomes impossible to
complete the transfer of control parameters within a prede-
termined period included in a PRI It is therefore necessary
to prolong the PRI.

[0005] In addition, when simultaneously performing con-
trol parameter setting from a Host Central Processing Unit
as a host device of the transmission and reception control
circuitry as in TGC (Time Gain Control) parameter setting,
the external bus becomes further busy, resulting in a
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decrease in the efficiency of transmission/reception control
of ultrasonic waves. This leads to a decrease in frame rate
and a deterioration in image resolution. In addition, as the
number of ultrasonic transmission/reception channels
increases, the transfer amount of control parameters
increases. This imposes limitations on the amount of infor-
mation which can be transferred by an ultrasonic diagnostic
apparatus using conventional round robin scheduling.

BRIEF DESCRIPTION OF THE DRAWING

[0006] 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.

[0007] FIG. 11is a block diagram showing the arrangement
of an ultrasonic diagnostic apparatus according to an
embodiment;

[0008] FIG. 2 is a block diagram showing the internal
arrangement of transmission and reception control circuitry
shown in FIG. 1;

[0009] FIG. 3 is a view showing the transfer flows of
control parameters and data associated with at least recep-
tion of an ultrasonic wave in the transmission and reception
control circuitry shown in FIG. 2;

[0010] FIG. 4 is a chart showing a transfer sequence of
control parameters from a memory with reference to a pulse
repetition interval;

[0011] FIG. 5 is a timing chart showing the transfer
sequence of control parameters from host control circuitry
with reference to a pulse repetition interval;

[0012] FIG. 6 is a view showing the relationship between
transfer requests from interfaces and transfer grants given to
them in arbitration circuitry shown in FIG. 2;

[0013] FIG. 7 is a block diagram showing the internal
arrangement of conventional transmission and reception
control circuitry;

[0014] FIG. 8 is a view showing the relationship between
transfer requests from interfaces and transfer grants given to
them in arbitration circuitry provided in the conventional
transmission and reception control circuitry; and

[0015] FIG. 9 is a block diagram showing a modification
of the internal arrangement of the transmission and reception
control circuitry according to this embodiment.

DETAILED DESCRIPTION

[0016] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus comprises plurality of processing
circuitry and control circuitry. The plurality of processing
circuitry configured to execute processing associated with at
least reception of an ultrasonic wave. The control circuitry
configured to control the plurality of processing circuitry.
The control circuitry comprises a plurality of processing
circuitry interfaces, a plurality of internal memory, and a
control information interface. The plurality of processing
circuitry interfaces respectively connected to the plurality of
processing circuitry. The plurality of internal memories
respectively connected to the plurality of processing cir-
cuitry interfaces. The control information interface config-
ured to transfer control information associated with at least
reception of the ultrasonic wave to at least one of the
plurality of internal memories.
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[0017] An ultrasonic diagnostic apparatus according to an
embodiment will be described below with reference to the
accompanying drawings.

[0018] FIG.1 is a block diagram showing the arrangement
of the ultrasonic diagnostic apparatus according to this
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
apparatus includes, for example, an ultrasonic probe 1,
transmission circuitry 2, reception circuitry 3, transmission
and reception control circuitry 4, a memory 5, signal pro-
cessing circuitry 6, image generation circuitry 7, display
circuitry 8, IF circuitry (Input Interface circuitry) 9, storage
circuitry 10, and host control circuitry 11.

[0019] The ultrasonic probe 1 converts a transmission
signal supplied from the transmission circuitry 2 into an
ultrasonic waves and transmits it to a subject. In addition, the
ultrasonic probe 1 receives an ultrasonic echo signal
reflected by the subject, converts it into an electrical signal,
and outputs it to the reception circuitry 3. The transmission
circuitry 2 is driven to transmit desired ultrasonic waves
from the ultrasonic probe 1 in accordance with transmission
parameters such as a PRF (Pulse Repetition Frequency), a
transmission position, a transmission aperture, and a trans-
mission delay, which are supplied from the transmission and
reception control circuitry 4. The reception circuitry 3
generates beam data from an ultrasonic echo signal obtained
by the ultrasonic probe 1 in accordance with reception
parameters such as a reception element position, a reception
aperture, a reception delay, and reception coordinates which
are supplied from the transmission and reception control
circuitry 4.

[0020] The transmission and reception control circuitry 4
is for example, an FPGA (Field Programmable Gate Array)
for controlling transmission/reception processing circuitry
which executes processing associated with the transmission/
reception of ultrasonic waves. More specifically, the trans-
mission and reception control circuitry 4 controls transmis-
sion/reception processing circuitry such as the transmission
circuitry 2, the reception circuitry 3, and the signal process-
ing circuitry 6 in accordance with an instruction from the
host control circuitry 11. The transmission and reception
control circuitry 4 determines a PRI corresponding to trans-
mission/reception conditions for each diagnosis mode, and
controls, for each PRI, transmission parameter transfer,
reception parameter transfer, signal processing parameter
transfer, ultrasonic waves transmission, and ultrasonic echo
signal reception. In this case, diagnosis modes are, for
example, B mode, B mode+C mode, B mode+PW mode, B
mode+M mode, and CW mode. In addition, transmission/
reception conditions are, for example, a change in depth of
field in a scan target range, a change in the size of an ROI
(Region of Interest), cursor movement, a change in acoustic
power, and a change in scale. The transmission and recep-
tion control circuitry 4 transfers control parameters to the
transmission/reception processing circuitry in accordance
with transmission/reception conditions and the like
instructed from the host control circuitry 11. A control
parameter is a generic term indicating a transmission param-
eter, a reception parameter, and a signal processing param-
eter. The transmission and reception control circuitry 4
transfers transmission parameters such as a PRF, a trans-
mission position, a transmission aperture, and a transmission
delay to the transmission circuitry 2, stored in the memory
5 in accordance with a beam count, a frame count, a frame
rate, a scan direction, a depth of field in a scan target range,
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and the like instructed by the host control circuitry 11. The
transmission and reception control circuitry 4 also transfers
reception parameters such as a reception element position, a
reception aperture, a reception delay. and reception coordi-
nates to the reception circuitry 3. In addition, the transmis-
sion and reception control circuitry 4 transfers signal pro-
cessing parameters such as digital filter processing
conditions to the signal processing circuitry 6. The trans-
mission and reception control circuitry 4 also outputs pro-
cessed data generated from beam data in the signal process-
ing circuitry 6 to the image generation circuitry 7 via the
host control circuitry 11.

[0021] Note that the transmission and reception control
circuitry 4 may be implemented by at least one of an ASIC
(Application Specific Integrated Circuit), a programmable
logic device (for example, an SPLD (Simple Programmable
Logic Device)), and a CPLD (Complex Programmable
Logic Device).

[0022] The memory 5 is a RAM (Random Access
Memory) storing, for example, control parameters for the
respective transmission/reception processing circuitry. Con-
trol parameters stored in the memory 5 can be updated the
host control circuitry 11. The memory 5 stores transmission
parameters for the transmission circuitry 2, reception param-
eters for the reception circuitry 3, and signal processing
parameters for the signal processing circuitry 6 which are set
in accordance with information about various types of
ultrasonic scan modes, the ultrasonic probe 1 to be con-
nected, a parallel simultaneous reception count, and the like.
For example, the memory 5 stores, as transmission param-
eters, transmission positions, transmission delays, and trans-
mission apertures. In addition, the memory 5 stores, as
reception parameters, reception element positions, reception
apertures, reception delays, and reception coordinates. The
memory 5 also stores digital filter coeflicients as signal
processing parameters. In addition, control parameters
include substantive data and header information. Header
information includes transfer destination addresses, and
control parameters are transferred to transmission/reception
processing circuitry corresponding to the transfer destina-
tion addresses.

[0023] The signal processing circuitry 6 generates pro-
cessed data obtained by performing signal processing such
as filtering processing for beam data output from the recep-
tion circuitry 3. The signal processing circuitry 6 outputs the
generated processed data to the host control circuitry 11 via
the transmission and reception control circuitry 4. Note that
the signal processing circuitry 6 outputs processed data to
the host control circuitry 11 via the transmission and recep-
tion control circuitry 4 according to a wiring scheme capable
of transfer. However, a dedicated transfer path may be
provided for transfer from the signal processing circuitry 6
to the host control circuitry 11. The image generation
circuitry 7 scan-converts the processed data output from the
host control circuitry 11 to generate a two-dimensional or
three-dimensional ultrasonic image associated with a sub-
ject.

[0024] The display circuitry 8 displays an ultrasonic image
generated by the image generation circuitry 7, various types
of diagnosis parameters, and the like under the control of the
host control circuitry 11. More specifically, the display
circuitry 8 includes display interface circuitry and a display
device. The display interface circuitry converts data repre-
senting a display target into a video signal. The display
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signal is supplied to the display device. The display device
displays the video signal representing the display target. As
a display device, for example, one of the following can be
arbitrarily used: a CRT display (Cathode Ray Tube Display),
an LCD (Liquid Crystal Display), an OELD (Organic Elec-
tra Luminescence Display), a plasma display, and another
arbitrary display known in this technical field.

[0025] The input interface circuitry 9 is implemented by a
trackball, switch buttons, a mouse, a keyboard, a touch pad
which performs an input operation based on a touch on an
operation surface, a touch panel display formed by integrat-
ing a display screen with a touch pad, and the like. The input
interface circuitry 9 is an input device for setting various
types of diagnosis modes and various types of control
parameters accompanying the diagnosis modes to the ultra-
sonic diagnostic apparatus. The input interface circuitry 9
converts an input operation received from the operator into
an electrical signal and outputs it to the host control circuitry
11. Note that in this embodiment, the input interface cir-
cuitry 9 is not limited to the one including physical operation
components such as a trackball, switch buttons, a mouse,
and a keyboard. For example, the input interface circuitry 9
includes electrical signal processing circuitry which receives
an electrical signal corresponding to an input operation from
an external input device provided separately from the appa-
ratus and outputs the electrical signal to the host control
circuitry 11.

[0026] The storage circuitry 10 includes, for example, an
HDD (Hard Disk Drive) and an SSD (Solid State Drive)
which can store a relatively large volume of data. For
example, the storage circuitry 10 stores ultrasonic images
supplied from the image generation circuitry 7 and addi-
tional information added to the ultrasonic images. Note that
as the storage circuitry 10, a magneto-optical disk or an
optical disk such as CD (Compact Disc) or DVD (Digital
Versatile Disc) may be used other than a magnetic disk such
as an HDD. In addition, a save area of the storage circuitry
10 may be located inside the ultrasonic diagnostic apparatus
or an external storage device connected to the apparatus via
a network.

[0027] Thehost control circuitry 11 executes control of the
respective components of the ultrasonic diagnostic appara-
tus based on a diagnosis mode and various types of param-
eters set by the input interface circuitry 9. The host control
circuitry 11 includes, as hardware resources, a processor
such as a CPU or MPU (Micro Processing Unit) and
memories such as a ROM (Read Only Memory) and RAM.
The memory of the host control circuitry 11 stores an image
acquisition program. The processor of the host control
circuitry 11 executes control of the respective components of
the ultrasonic diagnostic apparatus by executing the image
acquisition program stored in the memory based on input
signals from the input interface circuitry 9. For example, the
host control circuitry 11 transfers control parameters based
on input signals from the input interface circuitry 9 to the
respective transmission/reception processing circuitry via
the transmission and reception control circuitry 4. For
example, to the reception circuitry 3 via the transmission and
reception control circuitry 4, the host control circuitry 11
transfers, as such a control parameter, a TGC parameter for
changing the TGC based on an input signal from the input
interface circuitry 9.
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[0028] (Internal Arrangement of Transmission and Recep-
tion Control Circuitry)

[0029] The internal arrangement of the transmission and
reception control circuitry 4 according to this embodiment
will be described below.

[0030] FIG. 2 is a block diagram showing the internal
arrangement of the transmission and reception control cir-
cuitry 4 shown in FIG. 1. FIG. 3 is a view showing the
transfer flows of control parameters and data associated with
at least reception of an ultrasonic wave in the transmission
and reception control circuitry 4 shown in FIG. 2. The
transmission and reception control circuitry 4 includes a host
side control information interface (a host IF) 41, a memory
side control information interface (a memory IF) 42, a
sequencer 43, a transmission circuitry interface (a transmis-
sion IF) 44, a transmission internal memory (a transmission
memory) 45, a reception circuitry interface (a reception IF)
46, a reception internal memory (a reception memory) 47, a
signal processing circuitry interface (a signal processing IF)
48, a signal processing internal memory (a signal processing
memory) 49, a data acquisition interface (an acquisition IF)
50, and arbitration circuitry Al to A6. The transmission and
reception control circuitry 4 according to this embodiment
has a function-specific circuitry arrangement having a trans-
mission/reception processing circuitry interface, an internal
memory, and arbitration circuitry provided for each function
in the transmission/reception of ultrasonic waves.

[0031] In this case, for the sake of descriptive conve-
nience, the host side control information interface 41 is
written as the host IF 41, the memory side control informa-
tion interface 42 as the memory IF 42, the transmission
circuitry interface 44 as the transmission IF 44, the trans-
mission internal memory 45 as the transmission memory 45,
the reception circuitry interface 46 as the reception IF 46, the
reception internal memory 47 as the reception memory 47,
the signal processing circuitry interface 48 as the signal
processing IF 48, the signal processing internal memory 49
as the signal processing memory 49, and the data acquisition
interface 50 as the acquisition IF 50.

[0032] The host IF 41, the memory IF 42, the sequencer
43, the transmission IF 44, the transmission memory 45, the
reception IF 46, the reception memory 47, the signal pro-
cessing IF 48, the signal processing memory 49, and the
acquisition IF 50 are connected via a common internal bus.
[0033] The host IF 41 is connected to the host control
circuitry 11 via an external bus. The host IF 41 transfers in
advance various types of control parameters transferred
from the host control circuitry 11 to the memory 5 via the
memory IF 42 before the start of the transmission/reception
of ultrasonic waves by the ultrasonic diagnostic apparatus.
The host IF 41 also transfers various types of control
parameters transferred from the host control circuitry 11 to
transmission/reception processing circuitry interfaces corre-
sponding to the respective transmission/reception process-
ing circuitry after the start of the transmission/reception of
ultrasonic waves by the ultrasonic diagnostic apparatus.
[0034] The memory IF 42 is connected to the memory 5
via an external bus. The memory IF 42 transfers various
types of control parameters stored in the memory 5 to
internal memories corresponding to the respective transmis-
sion/reception processing circuitry. The memory IF 42 also
transfers, to the host control circuitry 11, control parameter
information transferred from the respective transmission/
reception processing circuitry interfaces to the respective
transmission/reception processing circuitry. Note that the
memory IF 42 may be transfer various types of control
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parameters transferred from the host control circuitry 11 to
transmission/reception processing circuitry interfaces corre-
sponding to the respective transmission/reception process-
ing circuitry.

[0035] The sequencer 43 determines a PRI in accordance
with transmission/reception conditions for each diagnosis
mode. The sequencer 43 transfers the determined PRI infor-
mation to the host control circuitry 11.

[0036] The transmission IF 44 is connected to the trans-
mission circuitry 2 via an external bus. The transmission IF
44 transfers transmission parameters stored in the transmis-
sion memory 45 to the transmission circuitry 2. The trans-
mission IF 44 also transfers, to the transmission circuitry 2,
transmission parameters transferred from the host IF 41.
[0037] The reception IF 46 is connected to the reception
circuitry 3 via an external bus. The reception IF 46 transfers
reception parameters stored in the reception memory 47 to
the reception circuitry 3. The reception IF 46 also transfers,
to the reception circuitry 3, reception parameters transferred
from the host IF 41.

[0038] The signal processing IF 48 is connected to the
signal processing circuitry 6 via an external bus. The signal
processing IF 48 transfers signal processing parameters
stored in the signal processing memory 49 to the signal
processing circuitry 6. The signal processing IF 48 also
transfers, to the signal processing circuitry 6, signal pro-
cessing parameters transferred from the host IF 41.

[0039] The acquisition IF 50 is connected to the signal
processing circuitry 6 via an external bus. The acquisition IF
50 transfers processed data generated by the signal process-
ing circuitry 6 to the host control circuitry 11.

[0040] An internal bus from the host IF 41 to the trans-
mission memory 45 will be referred to as an Rx bus. For
example, the Rx bus is used to transfer control parameters
from the memory IF 42 to each internal memory or used to
transfer control parameters from the host IF 41 to each
transmission/reception processing circuitry. In addition, an
internal bus from the transmission memory 45 to the host IF
41 will be referred to as a Tx bus. For example, the Tx bus
is used to transfer control parameters from each internal
memory to a transmission/reception processing circuitry
interface corresponding to each transmission/reception pro-
cessing circuitry.

[0041] The arbitration circuitry Al is connected to the host
IF 41 and the memory IF 42. The arbitration circuitry Al
manages transfer requests for the transfer of control param-
eters to the respective transmission/reception processing
circuitry interfaces by the host IF 41 via the internal bus and
transfer requests for the transfer of control parameters to the
respective internal memories by the memory IF 42 via the
internal bus.

[0042] The arbitration circuitry A2 is connected to the
transmission IF 44 and the transmission memory 45. The
arbitration circuitry A2 manages transfer requests for the
transfer of transmission parameters to the transmission IF 44
by the transmission memory 45 via the internal bus. The
arbitration circuitry A3 is connected to the reception IF 46
and the reception memory 47. The arbitration circuitry A3
manages transfer requests for the transfer of reception
parameters to the reception IF 46 by the reception memory
47 via the internal bus. The arbitration circuitry A4 is
connected to the signal processing IF 48 and the signal
processing memory 49. The arbitration circuitry A4 man-
ages transfer requests for the transfer of signal processing
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parameters to the signal processing IF 48 by the signal
processing memory 49 via the internal bus. The arbitration
circuitry A5 is connected to the memory IF 42 and the
sequencer 43. The arbitration circuitry A5 manages transfer
requests for the transfer of PRI information to the host IF 41
by the sequencer 43 via the internal bus and the transfer of
control parameter information by the memory IF 42 via the
internal bus. The arbitration circuitry A6 is connected to the
acquisition IF 50 and the host IF 41. The arbitration circuitry
A6 manages transfer requests for the transfer of processed
data to the host IF 41 by the acquisition IF 50 via the internal
bus.

[0043] Note that the arbitration circuitry Al to A6 manage
the right of use of the internal bus according to round robin
scheduling.

[0044] (Transfer of Control Parameters Associated with
Transmission/Reception of Ultrasonic Waves in Transmis-
sion and Reception Control Circuitry)

[0045] The transfer of control parameters associated with
the transmission/reception of ultrasonic waves in the trans-
mission and reception control circuitry 4 will be described in
detail below in consideration of the relationship between
PRIs and the transfer of control parameters and arbitration
control by the arhitration circuitry Al to A4.

[0046] The transfer of control parameters transferred from
the memory 5 will be described first. This embodiment will
exemplify the transfer of control parameters in the second
and subsequent PRIs from the start of the transmission/
reception of ultrasonic waves.

[0047] FIG. 4 is a chart showing a transfer sequence of
control parameters from the memory 5 with reference to a
PRI. As shown in FIG. 4, a PRI includes a transfer period Tp
of control parameters to the respective transmission/recep-
tion processing circuitry, a transmission period Tt of ultra-
sonic waves, and a reception period Tr of ultrasonic echo
signals.

[0048] A period Ta3 shown in FIG. 4 is a period in which
transmission parameters to be transferred to the transmission
circuitry 2 by the transmission IF 44 in the next PRI are
transferred from the memory 5 to the transmission memory
45. A period Tal is a period in which the transmission
parameters transferred to the transmission memory 45 are
transferred to the transmission IF 44 by the transmission
memory 45 via the internal bus. A period Ta2 is a period in
which the transmission parameters transferred to the trans-
mission IF 44 by the transmission memory 45 via the
internal bus are transferred to the transmission circuitry 2 by
the transmission IF 44 via the external bus.

[0049] A period Tb3 is a period in which reception param-
eters to be transferred to the reception circuitry 3 by the
reception IF 46 in the next PRI are transferred from the
memory 5 to the reception memory 47. A period Tbl is a
period in which the reception parameters transferred to the
reception memory 47 are transferred to the reception IF 46
by the reception memory 47 via the internal bus. A period
Th2 is a period in which the reception parameters transferred
to the reception IF 46 by the reception memory 47 via the
internal bus are transferred to the reception circuitry 3 by the
reception IF 46 via the external bus.

[0050] A period Tc3 is a period in which signal processing
parameters to be transferred to the signal processing cir-
cuitry 6 by the signal processing IF 48 in the next PRI are
transferred from the memory 5 to the signal processing
memory 49. A period Tel is a period in which the signal
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processing parameters transferred to the signal processing
memory 49 are transferred to the signal processing [F 48 by
the signal processing memory 49 via the internal bus. A
period Tc2 is a period in which the signal processing
parameters transferred to the signal processing IF 48 by the
signal processing memory 49 via the internal bus are trans-
ferred to the signal processing circuitry 6 by the signal
processing IF 48 via the external bus.

[0051] In this case, before the start of the transmission/
reception of ultrasonic waves in the ultrasonic diagnostic
apparatus, control parameters transferred from the memory
5 by the memory IF 42 are stored in advance in a transfer
target internal memory, of the plurality of internal memories,
which corresponds to transfer target transmission/reception
processing circuitry.

[0052] The arbitration circuitry A1 manages the transfer of
control parameters from the memory 5 to each internal
memory by the memory IF 42 in each PRI so as to complete
the transfer before a PRI in which the control parameters are
used. The arbitration circuitry A2 to A4 manage the transfer
of control parameters to the respective transmission/recep-
tion processing circuitry by the respective internal memories
and the transfer of control parameters to the respective
transmission/reception processing circuitry by the respective
transmission/reception processing circuitry interfaces in
each PRI so as to complete the transfers before the trans-
mission period Tt of ultrasonic signals in a PRI in which the
control parameters are used.

[0053] In the common internal bus, until the transfer of
control parameters associated with one process is complete,
it is not possible to execute the transfer of control parameters
associated with another process, and hence the arbitration
circuitry Al manages transfers so as to prevent the periods
Ta3, Tb3, and Tc3 from overlapping.

[0054] The transfer of transmission parameters stored in
the memory 5 will be described first.

[0055] In the period Ta3 in a PRI immediately preceding
a PRI, in which the control parameters are used, the memory
IF 42 supplies, to the arbitration circuitry Al, a transfer
request for transmission parameters from the memory 5 to
the transmission memory 45. The arbitration circuitry Al
outputs a transfer grant signal upon receiving the transfer
request from the memory IF 42. In this case, a transfer grant
from the arbitration circuitry is also called “giving a grant™.
For example, when the arbitration circuitry Al gives a grant
to the memory IF 42, the memory IF 42 can use the common
internal bus and hence can transfer the transmission param-
eters from the memory 5 to the transmission memory 45.
The memory IF 42 receives a transfer grant signal output
from the arbitration circuitry Al, reads out transmission
parameters from the memory 5, and transfers the transmis-
sion parameters to the transmission memory 45. In the
period Tal in a PRI, in which the control parameters are
used, the transmission memory 45 supplies, to the arbitration
circuitry A2, a transfer request for transmission parameters
to the transmission circuitry 2. The arbitration circuitry A2
receives the transfer request from the transmission memory
45, and outputs a transfer grant signal for granting the
transfer of the transmission parameters to the transmission
IF 44. Upon receiving the transfer grant signal output from
the arbitration circuitry A2, the transmission memory 45
transfers transmission parameters to the transmission IF 44.
In the period Ta2 in the PRI, in which the control parameters
are used, the transmission IF 44 transfers, to the transmis-
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sion circuitry 2, the transmission parameters transferred
from the transmission memory 45 via the internal bus.
[0056] The transfer of reception parameters stored in the
memory 5 will be described next. In the period Th3 in a PRI
immediately preceding a PRI, in which the control param-
eters are used, the memory IF 42 supplies, to the arbitration
circuitry Al, a transfer request for reception parameters from
the memory 5 to the reception memory 47. Upon receiving
the transfer request from the memory IF 42, the arbitration
circuitry Al outputs a transfer grant signal. Upon receiving
a transfer grant signal output from the arbitration circuitry
Al, the memory IF 42 reads out reception parameters from
the memory 5, and transfers the reception parameters to the
reception memory 47. In the period Tb1 in the PRI, in which
the control parameters are used, the reception memory 47
supplies, to the arbitration circuitry A3, a transfer request for
the reception parameters to the reception IF 46. Upon
receiving a transfer request from the reception memory 47,
the arbitration circuitry A3 outputs a transfer grant signal.
Upon receiving the transfer grant signal output from the
arbitration circuitry A3, the reception memory 47 transfers
the reception parameters to the reception IF 46. In the period
Tb2 in the PRI, in which the control parameters are used, the
reception IF 46 transfers, to the reception circuitry 3, the
reception parameters transferred by the reception memory
47 via the internal bus.

[0057] The transfer of signal processing parameters stored
in the memory 5 will be described next.

[0058] In the period Tc3 in a PRI immediately preceding
a PRI, in which the control parameters are used, the memory
IF 42 supplies, to the arbitration circuitry Al, a transfer
request for signal processing parameters from the memory 5
to the signal processing memory 49. Upon receiving the
transfer request from the memory IF 42, the arbitration
circuitry Al outputs a transfer grant signal. Upon receiving
the transfer grant signal output from the arbitration circuitry
Al, the memory IF 42 transfers the signal processing
parameters to the signal processing memory 49. In the
period Tcl in the PRI, in which the control parameters are
used, the signal processing memory 49 supplies, to the
arbitration circuitry A4, a transfer request for the signal
processing parameters to the signal processing IF 48. Upon
receiving the transfer request from the signal processing
memory 49, the arbitration circuitry A4 outputs a transfer
grant signal. Upon receiving the transfer grant signal output
from the arbitration circuitry A4, the signal processing
memory 49 reads out signal processing parameters from the
memory 5, and transfers the signal processing parameters to
the signal processing IF 48. In the period Tc2 in the PRI, in
which the control parameters are used, the signal processing
IF 48 transfers, to the signal processing circuitry 6, the signal
processing parameters transferred by the signal processing
IF 48 via the internal bus.

[0059] According to the above arrangement, in a period in
a PRI immediately preceding a PRI in which the control
parameter are used, the memory IF 42 according to this
embodiment transfers in advance the control parameters to
the internal memory corresponding to each transmission/
reception processing circuitry interface. In addition, a trans-
mission/reception processing circuitry interface, an internal
memory, and arbitration circuitry are provided for each
function in ultrasonic transmission/reception. This allows
the respective internal memories to almost simultaneously
transfer control parameters to the transmission/reception
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processing circuitry interfaces as transfer targets for the
respective functions before a period in which the transfer
target transmission/reception processing circuitry perform
processing. It is possible to efficiently transfer, to transfer
target transmission/reception processing circuitry interfaces,
control parameters which have increased with an increase in
the number of ultrasonic transmission/reception channels by
almost simultaneously transferring the control parameters,
thereby providing shorter PRIs. This can improve the diag-
nostic performance.

[0060] Referring to FIG. 4, in the period Tc2 in a PRI, in
which the control parameters are used, signal processing
parameters are transferred to the signal processing circuitry
6 only once. However, this is not exhaustive. For example,
in the case of simultaneous reception, signal processing
parameters may be read out and transferred by the number
of times corresponding to the number of simultaneous
beams.

[0061] The transfer of control parameters transferred from
the host control circuitry 11 will be described next. This
embodiment will exemplify the transfer of control param-
eters in the second and subsequent PRIs after the start of the
transmission/reception of ultrasonic waves.

[0062] FIG. 5 is a timing chart showing the transfer
sequence of control parameters from the host control cir-
cuitry 11 with reference to a PRI. As shown in FIG. 5, each
PRI includes a transfer period Tp for control parameters to
the respective transmission/reception processing circuitry, a
transmission period Tt for ultrasonic waves, and a reception
period Tr for ultrasonic echo signals.

[0063] A period Td1 shown in FIG. 5 is a period in which
transmission parameters to be transferred to the transmission
circuitry 2 by the transmission IF 44 are transferred to the
transmission IF 44 by the host IF 41 via the internal bus. A
period Td2 is a period in which the transmission parameters
transferred to the transmission IF 44 by the host IF 41 via the
internal bus are transferred to the transmission circuitry 2 by
the transmission IF 44 via the external bus. A period Tel is
a period in which reception parameters to be transferred to
the reception circuitry 3 by the reception IF 46 are trans-
ferred to the reception IF 46 by the host IF 41 via the internal
bus. A period Te2 is a period in which the reception
parameters transferred to the reception IF 46 by the host IF
41 via the internal bus are transferred to the reception
circuitry 3 by the reception IF 46 via the external bus. A
period Tf1 is a period in which signal processing parameters
to be transferred to the signal processing circuitry 6 by the
signal processing IF 48 are transferred to the signal process-
ing IF 48 by the host IF 41 via the internal bus. A period Tf2
is a period in which the signal processing parameters trans-
ferred to the signal processing IF 48 by the host IF 41 via the
internal bus are transferred to the signal processing circuitry
6 by the signal processing IF 48 via the external bus.
[0064] ThehostIF 41 can transfer control parameters from
the host control circuitry 11 to the respective transmission/
reception processing circuitry interfaces at any time regard-
less of the periods of each PRI. In the common internal bus,
until the transfer of control parameters associated with one
process is complete, it is not possible to execute the transfer
of control parameters associated with another process, and
hence the arbitration circuitry A1 manages transfer so as to
prevent the periods Tdl, Tel, and Tfl from overlapping.
When the host IF 41 transfers control parameters from the
host control circuitry 11 to the respective transmission/
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reception processing circuitry interfaces in a period (Ta3,
Tb3, and Te3 in FIG. 4) which almost coincides with the
transfer of control parameters to the respective internal
memories by the memory IF 42, the arbitration circuitry Al
manages the transfer to the respective transmission/recep-
tion processing circuitry interfaces so as to prevent them
from overlapping each other. In addition, the arbitration
circuitry Al to A4 manage transfer so as to prevent the
periods Tal, Tb1, Tcl, Tdl, Tel, and Tfl from overlapping
each other.

[0065] The transfer of transmission parameters from the
host control circuitry 11 will be described first.

[0066] In the period Tdl, the host IF 41 supplies, to the
arbitration circuitry Al, a transfer request for the transmis-
sion parameters transmitted from the host control circuitry
11 to the transmission IF 44. Upon receiving the transfer
request from the host IF 41, the arbitration circuitry Al
outputs a transfer grant signal. Upon receiving the transfer
grant signal output from the arbitration circuitry Al, the host
IF 41 transfers the transmission parameters to the transmis-
sion IF 44. In the period Td2, the transmission IF 44
transfers the transmission parameters transferred from the
host IF 41 to the transmission circuitry 2.

[0067] The transfer of reception parameters transferred
from the host control circuitry 11 will be described next.
[0068] In the period Tel, the host IF 41 supplies, to the
arbitration circuitry Al, a transfer request for the reception
parameters to the reception IF 46. Upon receiving the
transfer request from the host IF 41, the arbitration circuitry
Al outputs a transfer grant signal. Upon receiving the
transfer grant signal output from the arbitration circuitry Al,
the host IF 41 transfers the reception parameters to the
reception [F 46. In the period Te2, the reception IF 46
transfers, to the reception circuitry 3, the reception param-
eters transferred from the host IF 41.

[0069] The transfer of signal processing parameters trans-
ferred from the host control circuitry 11 will be described
next.

[0070] In the period Tfl, the host IF 41 supplies, to the
arbitration circuitry Al, a transfer request for the signal
processing parameters to the signal processing IF 48. Upon
receiving the transfer request from the host IF 41, the
arbitration circuitry Al outputs a transfer grant signal. Upon
receiving the transfer grant signal output from the arbitration
circuitry Al, the host IF 41 transfers the signal processing
parameters to the signal processing IF 48. In the period Tf2,
the signal processing IF 48 transfers, to the signal processing
circuitry 6, the signal processing parameters transferred
from the host IF 41.

[0071] (Transfer of Control Parameters Associated with
Transmission/Reception of Ultrasonic Waves in Transmis-
sion and Reception Control Circuitry When Bus Busy Has
Occurred)

[0072] The following is a case in which bus busy has
occurred in the transfer of control parameters associated
with ultrasonic transmission/reception in the transmission
and reception control circuitry 4.

[0073] First of all, the transmission and reception control
circuitry 4 uses arbitration control based on exception pri-
ority round robin scheduling. Exception priority round robin
scheduling is a scheme of providing exceptional regulations
under a predetermined condition in addition to the regula-
tions provided by round robin scheduling. For example, at
normal times, arbitration control is performed by round
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robin scheduling. When a busy signal is supplied from the
reception IF 46 connected to an external bus with a low
transfer rate, exceptional processing is executed. In addition,
the highest priority is given to an interface which permits
exceptions. For example, in the transmission and reception
control circuitry 4 shown in FIG. 2, the highest priority is
given to the memory IF 42. To give the highest priority is to
give a grant to a specific interface regardless of whether a
busy signal is supplied. For example, upon receiving a busy
signal supplied from a transmission/reception processing
circuitry interface connected to an external bus with a low
transfer rate, the arbitration circuitry Al always gives a
transfer grant to a transfer request from the memory IF 42.
[0074] More specifically, the following description is
based on the assumption that bus busy has occurred when a
bus lower in transfer rate than other external buses is used
as an external bus which connects the reception IF to the
reception circuitry 3, and the reception IF 46 transfers
control parameters to the reception circuitry 3. Assume that
bus busy has occurred because the host IF 41 transfers
reception parameters from the host control circuitry 11 to the
reception IF 46 in a period almost coinciding with the
transfer of reception parameters to the reception IF 46 by the
reception memory 47.

[0075] FIG. 6 is a view showing the relationship between
transfer requests from the respective interfaces and transfer
grants to be given in the arbitration circuitry Al to A4 shown
in FIG. 2. FIG. 6 shows the association among current
transfer grant information given by corresponding arbitra-
tion circuitry, interface information for the supply of transfer
requests to the corresponding arbitration circuitry, interface
information for the supply of transfer grants given by the
arbitration circuitry corresponding to received transfer
requests, and interface information for the supply of transfer
grants by the corresponding arbitration circuitry upon recep-
tion of transfer requests during the occurrence of bus busy.
The numbers of each set sequentially represent, from the
left, the host IF 41, the memory IF 42, the transmission IF
44, the reception IF 46, and signal processing IF 48. In this
case, “1” in FIG. 6 represents an interface which supplies a
transfer request to corresponding arbitration circuitry or an
interface to which a transfer grant is given by corresponding
arbitration circuitry. “0” represents an interface to which no
transfer grant is given by corresponding arbitration circuitry.
“X” represents an interface set in either a state in which a
transfer request is supplied to corresponding arbitration
circuitry or a state in which no transfer request is supplied.
[0076] The current grant column shown in FIG. 6 repre-
sents interfaces to which current grants are given. In the
current grant column, “00000” indicates that no transfer
grant is currently given to any interfaces, “10000” indicates
that the arbitration circuitry A1 has currently given a transfer
grant to the host IF 41, “01000” indicates that the arbitration
circuitry Al has currently given a transfer grant to the
memory IF 42, “00100” indicates that the arbitration cir-
cuitry A2 has currently given a transfer grant to the trans-
mission IF 44, “00010” indicates that the arbitration cir-
cuitry A3 has currently given a transfer grant to the reception
IF 46, and “00001” indicates that the arbitration circuitry A4
has currently given a transfer grant to the signal processing
IF 48.

[0077] The request column shown in FIG. 6 represents
interfaces which have supplied transfer requests. In the
request column, “IXXXX” indicates that the host IF 41 has
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supplied a transfer request to the arbitration circuitry Al, and
transfer requests from the remaining IFs each may be in
either of the above states, “X1XXX” indicates that the
memory IF 42 has supplied a transfer request to the arbi-
tration circuitry A1, and transfer requests from the remaining
IFs each may be in either of the above states, “XX1XX”
indicates that the transmission IF 44 has supplied a transfer
request to the arbitration circuitry A2, and transfer requests
from the remaining IFs each may be in either of the above
states, “XXX1X” indicates that the reception IF 46 has
supplied a transfer request to the arbitration circuitry A3, and
transfer requests from the remaining IFs each may be in
either of the above states, and “XXXX1” indicates that the
signal processing IF 48 has supplied a transfer request to the
arbitration circuitry A4, and transfer requests from the
remaining IFs each may be in either of the above states.
[0078] The “grant (normal) to be given next” column
shown in FIG. 6 represents interfaces to which transfer
grants have been given upon reception of transfer requests.
In the “grant (normal) to be given next” column, “10000”
indicates that the arbitration circuitry Al gives a transfer
grant to the host IF 41 in response to a transfer request from
the host IF 41, “01000” indicates that the arbitration cir-
cuitry Al gives a transfer grant to the memory IF 42 in
response to a transfer request from the memory IF 42,
“00100” indicates that the arbitration circuitry A2 gives a
transfer grant to the transmission IF 44 in response to a
transfer request from the transmission IF 44, “00010” indi-
cates that the arbitration circuitry A3 gives a transfer grant
to the reception IF 46 in response to a transfer request from
the reception IF 46, and “00001” indicates that the arbitra-
tion circuitry A4 gives a transfer grant to the signal process-
ing IF 48 in response to a transfer request from the signal
processing IF 48.

[0079] The “grant (busy) to be given next” column shown
in FIG. 6 represents interfaces to which transfer grants have
been given upon reception of transfer requests at the occur-
rence of busy. In the “grant (busy) to be given next” column,
“00000” indicates that no transfer grant is given to any
interfaces at the occurrence of busy, and “01000” indicates
that the arbitration circuitry Al gives a transfer grant to the
memory IF 42 in response to a transfer request from the
memory IF 42 even at the occurrence of busy. In this
embodiment, even at the occurrence of busy, the arbitration
circuitry Al can give a transfer grant to the memory IF 42
in response to a transfer request from the memory IF 42 even
at the occurrence of busy.

[0080] The effects obtained by implementing an ultrasonic
diagnostic apparatus according to the above embodiment
will be described below in comparison with the conventional
transmission and reception control circuitry.

[0081] FIG. 7 is a block diagram showing the internal
arrangement of conventional transmission and reception
control circuitry 40. FIG. 8 is a view showing the relation-
ship between transfer requests from the respective interfaces
in the arbitration circuitry provided in the transmission and
reception control circuitry 40 and transfer grants given to the
interfaces. The arbitration circuitry A7 and A8 each use
arbitration control based on round robin scheduling without
any exceptional regulations, unlike the transmission and
reception control circuitry 4 shown in FIG. 2. The arbitration
circuitry A7 and A8, each using the above round robin
scheduling, equally give the right of use of the internal bus
to each interface which supplies a transfer request. The order
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in which transfer grants are given to the respective interfaces
when the respective interfaces simultaneously supply trans-
fer requests is determined. For example, transfer grants are
sequentially given to a host IF 410, a memory IF 420, a
transmission IF 440, a reception IF 460, and a signal
processing IF 480. In addition, all the transfer destinations of
control parameters by the host [F 410 and the memory IF
420 are transmission/reception processing circuitry inter-
faces.

[0082] In the transmission and reception control circuitry
40 shown in F1G. 7, the memory IF 420 reads out reception
parameters from the memory 5 and transfers the reception
parameters to the reception IF 460. In an almost overlapping
period, the host IF 410 transfers the reception parameters to
the reception IF 460. Since an external bus with a low
transfer rate is connected to the reception IF 460, bus busy
is caused by the transfer of the reception parameters. When
bus busy occurs, the reception IF 460 supplies a busy signal
to the arbitration circuitry A7 to stop the transfer of the
reception parameters. As shown in FIG. 8, in the conven-
tional transmission and reception control circuitry 40, when
the reception IF 460 connected to an external bus with a low
transfer rate supplies a busy signal, the arbitration circuitry
A7 using round robin scheduling cannot give a transfer grant
to either the memory IF 420 or the host IF 410. As a result,
each PRI needs to be prolonged.

[0083] The transmission and reception control circuitry 4
according to this embodiment is provided with the reception
memory 47 corresponding to the reception IF 46 and the
arbitration circuitry A3. In addition, assume that the transfer
destination of reception parameters by the memory IF 420 is
the reception memory 47. According to the above arrange-
ment, since the host IF 41 differs from the memory IF 42 in
the transfer destination of reception parameters, bus busy is
difficult to occur. In addition, when the reception IF 46
transfers reception parameters to the reception circuitry 3, it
is possible to manage the transfer of reception parameters by
using the arbitration circuitty A3 so as to prevent the
occurrence of bus busy.

[0084] In addition, the reception IF 46 is connected to an
external bus with a low transfer rate, and the reception
memory 47 transfers reception parameters to the reception
IF 46 via a Tx bus in the transfer period Tp. Assume that in
this case, the host IF 41 has transferred reception parameters
to the reception IF 46. Since the external bus connected to
the reception IF 46 has a low transfer rate, bus busy occurs.
When bus busy occurs, the reception IF 46 supplies a busy
signal to the arbitration circuitry Al. At this time, as shown
in FIG. 6, the arbitration circuitry Al using exception
priority round robin scheduling can stop the transfer of
reception parameters from the host IF 41 by not giving any
transfer grant to the host IF 41. On the other hand, the
arbitration circuitry A1 using exception priority round robin
scheduling always gives a transfer grant with respect to a
transfer request from the memory IF 42 having the highest
priority. For this reason, even when a busy signal is supplied
from the reception IF 460 connected to an external bus with
a low transfer rate, the memory IF 42 can transfer reception
parameters to the reception memory 47. This makes it
possible to provide a PRI shorter than that provided by the
transmission and reception control circuitry 40. This can
improve the diagnostic performance.
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[0085] (First Modification)

[0086] According to the above embodiment, in the trans-
mission and reception control circuitry 4 shown in FIG. 2,
the transmission IF 44, the transmission memory 45, and the
arbitration circuitry A2 are provided for the transmission
circuitry 2, and the reception IF 46, the reception memory
47, and the arbitration circuitry A3 are provided for the
reception circuitry 3. However, this embodiment is not
limited to this. FIG. 9 is a block diagram showing a
modification of the internal arrangement of the transmission
and reception control circuitry according to the embodiment.
The transmission and reception control circuitry 4 shown in
FIG. 9 may include a transmission/reception internal
memory 51 and arbitration circuitry A9. The transmission/
reception internal memory 51 is connected to the transmis-
sion circuitry 2 and the reception circuitry 3 via an internal
bus. The arbitration circuitry A9 is connected to the trans-
mission IF 44, the reception IF 46, and the transmission/
reception internal memory 51. The arbitration circuitry A9
manages a transfer request for the transfer of transmission
parameters to the transmission IF 44 by the transmission/
reception internal memory 51 via the internal bus and a
transfer request for the transfer of reception parameters to
the reception IF 46 by the transmission/reception internal
memory 51 via the internal bus.

[0087] Forexample, in the period Tal shown in FIG. 4, the
transmission/reception internal memory 51 supplies, to the
arbitration circuitry A9, a transfer request for transmission
parameters to the transmission IF 44. Upon receiving the
transfer request from the transmission/reception internal
memory 51, the arbitration circuitry A9 outputs a transfer
grant signal for granting the transfer of transmission param-
eters to the transmission IF 44. Upon receiving the transfer
grant signal output from the arbitration circuitry A9, the
transmission/reception internal memory 51 reads out trans-
mission parameters from the memory 5, and transfers the
transmission parameters to the transmission IF 44. In the
period Ta2, the transmission IF 44 transfers, to the trans-
mission circuitry 2, the transmission parameters transferred
from the transmission/reception internal memory 51.
[0088] In the period Th1 delayed by the period Tal shown
in FIG. 4, the transmission/reception internal memory 51
supplies, to the arbitration circuitry A9, a transfer request for
reception parameters to the reception IF 46. Upon receiving
the transfer request from the transmission/reception internal
memory 51, the arbitration circuitry A9 outputs a transfer
grant signal. Upon receiving the transfer grant signal output
from the arbitration circuitry A9, the transmission/reception
internal memory 51 reads out reception parameters from the
memory 5, and transfers the reception parameters to the
reception IF 46. In the period Th2 delayed by the period Tal,
the reception IF 46 transfers, to the reception circuitry 3, the
reception parameters transferred from the transmission/re-
ception internal memory 51.

[0089] (Second Modification)

[0090] In the above embodiment, the transfer destination
of control parameters by the memory IF 42 via the internal
bus is the internal memory corresponding to each transmis-
sion/reception processing circuitry interface, and the transfer
destination of control parameters by the host IF 41 via the
internal bus is each transmission/reception processing cit-
cuitry interface. However, this embodiment is not limited to
this. The transmission and reception control circuitry 4
according to the embodiment may set the transfer destina-
tion of control parameters by the memory IF 42 via the
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internal bus to each transmission/reception processing cit-
cuitry interface, and the transfer destination of control
parameters by the host IF 41 via the internal bus to the
internal memory corresponding to each transmission/recep-
tion processing circuitry interface.
[0091] (Overview)
[0092] As described above, the ultrasonic diagnostic appa-
ratus according to this embodiment includes the plurality of
processing circuitry configured to execute processing asso-
ciated with at least reception of an ultrasonic wave and the
control circuitry configured to control the plurality of pro-
cessing circuitry. The control circuitry includes the plurality
of processing circuitry interfaces, the host IF, the plurality of
internal memory, and the control information interface. The
processing circuitry interfaces respectively connected to the
plurality of processing circuitry. The internal memory
respectively connected to the processing circuitry interfaces.
The control information interface configured to transfer
control information associated with at least reception of the
ultrasonic wave to at least one of the plurality of internal
memories.
[0093] With the above arrangement, bus busy is difficult to
occur in the ultrasonic diagnostic apparatus. This eliminates
the necessity to prolong a PRI. This can improve the
performance of the ultrasonic diagnostic apparatus. In addi-
tion, since the frame rate does not decrease, the diagnostic
performance can be improved.
[0094] In this manner, the ultrasonic diagnostic apparatus
according to this embodiment can achieve a high frame rate.
[0095] The term “predetermined processor” used in the
above description indicates, for example, a dedicated or
general-purpose processor, circuitry, processing circuitry,
operation circuitry, arithmetic circuitry, ASIC (Application
Specific Integrated Circuit), programmable logic device (for
example, SPLD (Simple Programmable Logic Device or
CPLD (Complex Programmable Logic Device), or FPGA
(Field Programmable Gate Array). In addition, each con-
stituent element (each processing circuitry) of this embodi-
ment may be implemented by a plurality of processors as
well as by a single processor. Furthermore, a plurality of
constituent elements (a plurality of processing circuitry)
may be implemented by a single processor.
[0096] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.
1. An ultrasonic diagnostic apparatus comprising:
plurality of processing circuitry configured to execute
processing associated with at least reception of an
ultrasonic wave; and
control circuitry configured to control the plurality of
processing circuitry,
wherein the control circuitry comprises
a plurality of processing circuitry interfaces respectively
connected to the plurality of processing circuitry,
a plurality of internal memories respectively connected to
the plurality of processing circuitry interfaces, and
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a control information interface configured to transfer
control information associated with at least reception of
the ultrasonic wave to at least one of the plurality of
internal memories.

2. The apparatus of claim 1, further comprising a memory

configured to store the control information,

wherein the control information interface transfers the
control information stored in the memory to the at least
one of the plurality of internal memories,

the at least one of the plurality of internal memories
transfers the control information transferred from the
memory to at least one of plurality of processing
circuitry interfaces respectively connected to the plu-
rality of internal memories, and

the at least one of the plurality of processing circuitry
interfaces transfers the control information transferred
from the at least one of the plurality of internal memo-
ries to at least one of the plurality of processing
circuitry respectively connected to the plurality of
processing circuitry interfaces.

3. The apparatus of claim 2, wherein the control circuitry

further comprises:

first arbitration circuitry configured to manage a transfer
request issued by the control information interface to
transfer the control information from the memory to the
at least one of the plurality of internal memories; and

second arbitration circuitry configured to manage a trans-
mission request issued by the plurality of internal
memories to transfer the control information to the at
least one of the plurality of processing circuitry inter-
faces and a transfer request issued by the plurality of
processing circuitry interfaces to transfer the control
information to the at least one of the plurality of
processing circuitry.

4. The apparatus of claim 3, wherein the control infor-
mation interface transfers in advance the control information
to the at least one of the plurality of internal memories as a
transfer target, which corresponds to the at least one of the
plurality of processing circuitry as a transfer target, and

the at least one of the plurality of internal memories as the
transfer target substantially simultaneously transfers
the control information to the at least one of the
plurality of processing circuitry interfaces as the trans-
fer target before a processing period of the plurality of
processing circuitry as the transfer target.

5. The apparatus of claim 4, wherein the first arbitration
circuitry outputs a transfer grant signal for the control
information from the memory to the at least one of the
plurality of internal memories in response to a transfer
request from the control information interface upon receiv-
ing a busy signal from a specific processing circuitry intet-
face of the plurality of processing circuitry interfaces.

6. The apparatus of claim 5, further comprising host
control circuitry connected to a user interface, wherein the
host control circuitry is input control information by a user
via the user interface,

wherein the control information interface transfers control
information transferred from the host control circuitry
to the at least one of the plurality of processing circuitry
interfaces, and

the at least one of the plurality of processing circuitry
interfaces transfers the control information transferred
from the control information interface to the at least
one of plurality of processing circuitry.
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7. The apparatus of claim 6, wherein the first arbitration
circuitry manages a transfer request for transfer of the
control information input by the user to the at least one of the
plurality of processing circuitry interfaces by the control
information interface.

8. The apparatus of claim 7, wherein the first arbitration
circuitry outputs no transfer grant signal for the control
information input by the user to the control information
interface in response to a transfer request from the control
information interface when a busy signal is supplied from a
specific processing circuitry interface of the plurality of
processing circuitry interfaces.

9. The apparatus of claim 2, wherein the control circuitry
controls a period in which the control information is trans-
ferred from the memory to the at least one of the plurality of
internal memories by the control information interface, a
period in which the control information is transferred to the
at least one of the plurality of processing circuitry interfaces
by the at least one of the plurality of internal memories, and
a period in which the control information is transferred to the
at least one of the plurality of processing circuitry by the at
least one of the plurality of processing circuitry interfaces,
in accordance with a pulse signal output in a predetermined
pulse repetition interval.

10. The apparatus of claim 9, wherein the plurality of
processing circuitry include reception circuitry configured to
execute processing associated with reception of the ultra-
sonic wave,

the memory stores a reception parameter as control infor-
mation associated with the reception,

a processing circuitry interface associated with the recep-
tion of the plurality of processing circuitry interfaces
transfers the reception parameter to the reception cir-
cuitry before a transmission period of the ultrasonic
wave included in the pulse repetition interval,

the control information interface transfers reception
parameter from the memory to an internal memory
associated with reception of the plurality of internal
memories in a period until a start of next transmission/
reception, and

the internal memory transfers the reception parameter
transferred from the memory to the processing circuitry
interface.

11. The apparatus of claim 9, wherein the plurality of
processing circuitry include signal processing circuitry con-
figured to execute predetermined signal processing associ-
ated with reception of the ultrasonic wave,

the memory stores a signal processing parameter as
control information associated with the signal process-
ing,

a processing circuitry interface associated with the signal
processing of the plurality of processing circuitry inter-
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faces transfers the signal processing parameter to the
signal processing circuitry before a transmission period
of the ultrasonic wave included in the pulse repetition
interval,

the control information interface transfers the signal pro-
cessing parameter from the memory to an internal
memory associated with signal processing of the plu-
rality of internal memories in a period until a start of
next transmission/reception, and

the internal memory transfers a reception parameter trans-
ferred from the memory to the processing circuitry
interface.

12. The apparatus of claim 9, wherein the plurality of
processing circuitry include transmission circuitry config-
ured to execute processing associated with transmission of
the ultrasonic wave,

the memory stores a transmission parameter as control
information associated with the transmission,

a processing circuitry interface associated with the trans-
mission of the plurality of processing circuitry inter-
faces transfers the transmission parameter to the trans-
mission circuitry before a transmission period of the
ultrasonic wave included in the pulse repetition inter-
val,

the control information interface transfers the transmis-
sion parameter from the memory to an internal memory
associated with transmission of the plurality of internal
memories in a period until a start of next transmission/
reception, and

the internal memory transfers the transmission parameter
transferred from the memory to the processing circuitry
interface.

13. A non-transitory computer-readable medium which
stores a control program for causing a computer including a
plurality of processing circuitry configured to execute pro-
cessing associated with at least reception of an ultrasonic
wave to implement

a control information interface function of transferring
control information for controlling at least one of
plurality of processing circuitry to at least one of the
plurality of internal memories, and

a processing circuitry interface function of transferring
the control information stored in the at least one of the
plurality of internal memories from the at least one of
the plurality of internal memories to the at least one of
plurality of processing circuitry.
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