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(54) ULTRASONIC DOPPLER BLOODSTREAM MEASUREMENT DEVICE

(57) The present invention is for an ultrasonic Dop-
pler blood flow measurement device with which
high-speed computation is possible, even when a mem-
ory having the characteristic of different read/write
speeds in the row direction and the column direction is
used for the buffer memory when computing blood flow
information, without being affected by the slower
read/write speed. It is provided with a large capacity
memory section (10) thatis constituted by a memory that
has a two-dimensional address space and different data

read/write speeds in the row direction and the column
direction of that address space, and that stores detection
signals, a blood flow computation section (6) that calcu-
lates blood flow information from the detection signals,
a small capacity memory section (12) that has the ca-
pacity of at least the data amount required for the blood
flow computation section (6) to compute any one depth
point of an object to be examined, and a large capacity
memory control section (9) that performs data transfer
from the large capacity memory section (10) to the small
capacity memory section (12) in the row direction only.
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Description
Technical Field

[0001] The presentinvention relates to ultrasonic Dop-
pler blood flow measurement devices that use the Dop-
pler phenomenon of ultrasound to measure blood flow
within the body and display animage of the measurement
results.

Background Art

[0002] FIG. 7 shows an example of a conventional ul-
trasonic Doppler blood flowmeter. A conventional ultra-
sonic Doppler blood flowmeter 200 shown in FIG. 7 in-
cludes a probe 92 that has a plurality of electroacoustic
transducer elements and that sends and receives ultra-
sonic waves, a transmission section 91 that sends trans-
mission signals toward the probe 92, a reception section
93 that applies a delay to the signals that have been
changed into electrical signals to produce reception sig-
nals, a phase detection section 94 that detects the com-
ponents that have undergone Doppler transition from
among the reception signals and takes these as detection
signals, a memory section 95 that stores the detection
signals, a blood flow computation section 96 that calcu-
lates blood flow information, a scan converter 97 that
forms animage, and a monitor 98 that displays an image
of the computed results.

[0003] An ultrasonic pulsed beam is transmitted
N-number of times from the probe 92 toward the object
to be examined to the same acoustic line position, and
then moved to a next acoustic line position and the same
operation is performed. The signals obtained from this
scanning pass through the reception section 93 and then
are sent to the phase detection section 94. The phase
detection section 94 obtains detection signals from the
scan signals. The N-number of detection signals that are
obtained by transmitting N-number of times to the same
acoustic line position are called collectively an "ensem-
ble."

[0004] Eachdetectionsignalis asignalthatis obtained
in the depth direction of the object to be examined. The
memory section 95 stores one detection signal in one
row of memory space. The blood flow computation sec-
tion 96 reads N-number of data units of the same depth
from the memory section 95, that is, reads in the column
direction of the memory space, and computes the blood
flow information.

[0005] Blood flow information corresponding to a sin-
gle acoustic line position is obtained by repeating this
reading task and computation task in the depth direction.
[0006] Here, FIG. 8 shows the relationship between
the address space of the memory section 95 and the
writing direction and reading direction.

[0007] The scan converter 97 stores the computer
blood flow information results at a site that corresponds
to the position of the scan line within the frame memory,
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and the monitor 98 displays the image information within
the frame memory.

[0008] Also, the conventional ultrasonic Doppler blood
flowmeter 200 has the function of lowering the transmis-
sion frequency of the ultrasonic pulses headed toward
the same acoustic line position without changing the
transmission frequency of the ultrasonic pulsed beams
so as to enable observation of low-velocity blood flow
without lowering the frame rate (for example, see JP
H5-237107A).

[0009] This function is achieved by performing trans-
mission of an ultrasonic pulse and reception of the ultra-
sound pulse echo one time each for the M-number of
acoustic line positions in the order of a first acoustic line
position, a second acoustic line position, ... to the M-th
acoustic line position, and repeating this task N-number
of times to obtain M-number of ensemble data units (FIG.
9 shows the ultrasonic pulsed beam transmission order
in the case of M=3, N=4). In order to achieve this function,
the capacity of the memory section 95 has at least the
capacity of M-number of ensembles (for example, see
JP H5-237107A and New Ultrasound Medicine 1: Fun-
damentals of Medical Ultrasound, edited by The Japan
Society of Ultrasonics in Medicine, first edition, published
by lyo Shoin, May 15, 2000, p. 55-58).

[0010] With conventional ultrasonic Doppler blood
flowmeters, however, it is necessary to read out the re-
ception signals of the same depth when computing the
blood flow velocity, the blood flow velocity dispersion,
and the blood flow power, forexample, and thus as shown
in FIG. 8 it is necessary to read signals in a different
direction from the direction in which the data are written
to the memory section 95. When using a general inex-
pensive, compact memory that has the characteristic of
different reading speeds in the row direction and the col-
umn direction, then the slower reading speed dictates
the transfer speed to the blood flow computation section.
Consequently, in cases where fast computation was nec-
essary, it was not possible to use memories that have
different reading speeds in the row direction and the col-
umn direction, and thus it was necessary to use SRAMs.

Disclosure of the Invention

[0011] The presentinvention was arrived atin order to
solve the foregoing conventional problems, and it is an
object thereof to provide an ultrasonic Doppler blood flow
measurement device that is inexpensive and compact,
yet even in a case where the memory used for the mem-
ory section has the characteristic of different read/write
speeds in the row direction and the column direction,
reduces the effects of the slow read/write speed and
maintains a transfer speed to the blood flow information
computation section that is substantially equivalent to
conventional speeds.

[0012] To achieve the foregoing object, an ultrasonic
Doppler blood flow measurement device is provided with
an ultrasonic wave send/receive section that sends ul-
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trasonic pulses into an object to be examined and re-
ceives the ultrasonic pulse echoes that are reflected from
inside the object, a phase detection section that detects
the components that have undergone Doppler transition
from among the ultrasound pulse echoes and takes these
as detection signals, a first memory section that is con-
stituted by a memory that has a two-dimensional address
space and different data read/write speeds in the row
direction and the column direction of the address space,
and that stores the detection signals, a blood flow infor-
mation computation section that calculates blood flow
information from the detection signals, a second memory
section that is constituted by a memory that has a capac-
ity that is smaller than that of the first memory section
but is at least the capacity of a data amount required for
the blood flow information computation section to com-
pute any one depth point of the object, and that stores
the detection signals used for the computation by the
blood flow information computation section, and a data
transfer section that performs data transfer from the first
memory section to the second memory section in only
the direction, of the row direction and the column direction
of the address space of the first memory section, that
has the faster data read/write speed.

[0013] With this configuration, data transfer is per-
formed from the first memory section to the second mem-
ory section in only the direction, of the row direction and
the column direction of the address space of the first
memory section, having the faster read/write speed.
Thus, even in a case where the memory used for the first
memory section has the characteristic of having different
read/write speeds in the row direction and the column
direction, it is possible to reduce the effects of the slower
read/write speed and perform high-speed data transfer
to the blood flow information computation section. Con-
sequently, it is possible to provide an ultrasonic Doppler
blood flow measurement device that is compact and in-
expensive.

[0014] In the foregoing configuration, it is preferable
that the second memory section is a memory having a
capacity that is at least double the data amount neces-
sary for the blood flow information computation section
to compute any one depth point of the object, and that
the data transfer section transfers the detection signals
used for computation of at least two points by the blood
flow information computation section from the first mem-
ory section to the second memory section.

[0015] With this configuration, the second memory
section has a capacity with which it is possible to store
at least twice the data amount for the blood flow informa-
tion computation section to calculate any depth point,
and thus the data required for computing the blood flow
information of two or more points can be transferred to-
gether from the first memory section to the second mem-
ory section. By collectively transferring the data required
for computing blood flow information for two or more
points, the number of times that data is read in the fast
row direction becomes two or more times per single data
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transfer. Thus, access in the faster direction increases,
allowing the effects of the slow read/write speed side
when the blood flow information computation section
reads the information of the second memory section to
be reduced.

[0016] In the ultrasonic Doppler blood flow measure-
ment device of the present invention, it is possible for the
first memory section to be constituted by a DRAM or an
SDRAM. It is also possible for the second memory sec-
tion to be constituted by a SRAM.

[0017] In the ultrasonic Doppler blood flow measure-
ment device of the present invention, it is possible for the
blood flow information computation section, the second
memory section, and the data transfer section to be
mounted on a single hardware unit, and for the first mem-
ory section to be provided as an external memory of the
hardware unit. Further, with a configuration in which the
operations of the blood flow information computation sec-
tion and the data transfer section are controlled by a pro-
gram, it is possible for the operations of the data transfer
section, the second memory section, and the blood flow
information computation section to be described by soft-
ware, allowing the operation content to be changed even
after the hardware has been installed.

[0018] In the foregoing configuration, it is preferable
that the blood flow information computation section and
the data transfer section are constituted by separate
computation processing circuits, and that each compu-
tation processing circuit has a direct memory access
function with respect to the second memory section. This
is because the computation of blood flow information and
data transfer can be performed simultaneously, allowing
higher-speed processing to be achieved.

[0019] A program according to the present invention
controls the operations of the blood flow information com-
putation section and the data transfer section mounted
onto a single hardware unit as mentioned above. The
program executes on the blood flow information compu-
tation section and the data transfer section a process of
transferring signals that have been input to the hardware
unit to the first memory section, a process of determining
whether a data amount of the first memory section ex-
ceeds a data amount necessary for the blood flow infor-
mation computation section to compute any one depth
point of the object to be examined, a process of perform-
ing data transfer from the first memory section to the sec-
ond memory section, in a case where the result of the
determination process is positive, in only the direction,
of the row direction and the column direction of the ad-
dress space of the first memory section, that has the fast-
er data read/write speed, and a process of causing the
blood flow information computation section to perform
computation using the signals stored on the second
memory section.

[0020] A program recording medium according to the
present invention is a recording medium storing a pro-
gram that controls the operations of the blood flow infor-
mation computation section and the data transfer section
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mounted onto a single hardware unit as mentioned
above. The program executes on the blood flow informa-
tion computation section and the data transfer section a
process of transferring signals that have been input to
the hardware unit to the first memory section, a process
of determining whether a data amount of the first memory
section exceeds a data amount necessary for the blood
flow information computation section to compute any one
depth point of the object to be examined, a process of
performing data transfer from the first memory section to
the second memory section, in a case where the result
of the determination process is positive, in only the di-
rection, of the row direction and the column direction of
the address space of the first memory section, that has
the faster data read/write speed, and a process of caus-
ing the blood flow information computation section to per-
form computation using the signals stored on the second
memory section.

Brief Description of Drawings
[0021]

FIG. 1 is a block diagram of an ultrasonic Doppler
blood flowmeter according to a first embodiment of
the present invention.

FIG. 2 is a diagram describing the data reading and
writing directions of the first memory section (large
capacity memory section) in the first embodiment of
the present invention.

FIG. 3 is a diagram describing the data reading and
writing directions of the second memory section
(small capacity memory section) in the first embod-
iment of the present invention.

FIG. 4 is a block diagram of an ultrasonic Doppler
blood flowmeter according to a second embodiment
of the present invention.

FIG. 5 is a flowchart for describing the operation of
the computation unit in the second embodiment of
the present invention.

FIG. 6 is a block diagram of an ultrasonic Doppler
blood flowmeter according to a modified example of
the second embodiment of the present invention.
FIG. 7 is ablock diagram of a conventional ultrasonic
Doppler blood flowmeter.

FIG. 8is adiagram showing the relationship between
the writing direction and the reading direction of de-
tection signals to and from the large capacity mem-
ory section.

FIG. 9 is a diagram showing the transmission order
of the ultrasonic pulses that enable observation of
low-velocity blood flow.

Best Mode for Carrying Out the Invention
[0022] Hereinafter, embodiments of the ultrasonic

Doppler blood flow measurement device according to the
present invention are described using the drawings.

10

15

20

25

30

35

40

45

50

55

First Embodiment

[0023] FIG. 1 shows the schematic structure of the ul-
trasonic Doppler blood flowmeter of the first embodiment
of the present invention.

[0024] AsshowninFIG. 1, an ultrasonic Doppler blood
flowmeter 100 according to the present embodiment is
made of a probe 2 (ultrasonic wave send/receive section)
that has a plurality of electroacoustic transducer ele-
ments and that sends and receives ultrasonic waves, a
transmission section 1 that sends transmission signals
toward the probe 2, a reception section 3 that applies
delaytothe signals that have been changed into electrical
signals to produce reception signals, a phase detection
section 4 that detects the components that have under-
gone Doppler transition from among the reception signals
and takes these as detection signals, a large capacity
memory section 10 (first memory section) that is capable
of storing the detection signals of at least two ensembles,
a large capacity memory control section 9 (data transfer
section) that performs reading and writing with respect
to the large capacity memory section 10, a small capacity
memory section 12 (second memory section) that has a
capacity capable of storing at least one ensemble and
stores data necessary for computing the blood flow in-
formation, a small capacity memory control section 11
(data transfer section) that performs reading and writing
with respect to the small capacity memory section 12, a
blood flow computation section 6 that computes blood
flow information, a scan converter 7 that forms an image,
and a monitor 8 that displays an image of the computer
results.

[0025] It should be noted that the blood flow informa-
tion that is computed by the blood flow computation sec-
tion 6 for example refers to the blood flow velocity, the
blood flow velocity dispersion, and the blood flow echo
intensity within an object to be examined.

[0026] An ultrasonic pulsed beam is transmitted
N-number of times to the same acoustic line position from
the probe 2 toward the object, and then the next acoustic
line position is moved to and the same action is per-
formed. The signals obtained from this scanning are ob-
tained as detection signals from the phase detection sec-
tion 4 after first passing through the reception section 3.
Here, a single ensemble is used to refer collectively to
the N-number of detection signals that are obtained by
being transmitted N-times to the same acoustic line po-
sition. To obtain the data of a single ensemble, if the
ultrasound pulsed beam is transmitted and received in
the same direction two times, then it is possible to com-
pute a value obtained by synthesizing the blood flow in-
formation and the movement information of the tissue,
such as organ walls, and if the ultrasound pulsed beam
is transmitted and received in the same direction three
or more times, then the tissue movement information is
suppressed by MTI (moving target indication) and only
the blood flow information is computed and output. In this
embodiment, N=8 (times) is taken as one ensemble.
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[0027] Eachdetection signalis a signal thatis obtained
in the depth direction of the object to be examined. The
large capacity memory control section 9 stores a single
detection signal per row of address space within the large
capacity memory section 10.

[0028] The scan converter 7 stores the computed re-
sults of the blood flow information by the blood flow com-
putation section 6 at a site that corresponds to the posi-
tion of the scan line within the frame memory, and the
monitor 8 displays the image information within the frame
memory.

[0029] By comparing FIG. 1 and FIG. 7 it can be un-
derstood that the ultrasonic Doppler blood flowmeter ac-
cording to this embodiment differs from the conventional
ultrasonic Doppler blood flowmeter shown in FIG. 7 pri-
marily in thatitis provided with the large capacity memory
control section 9, the large capacity memory section 10,
the small capacity memory control section 11, and the
small capacity memory section 12 in order to store the
detection signals that are output by the phase detection
section 4.

[0030] The memory that is used for the large capacity
memory section 10 shall have the characteristic of a fast
read/write speed in the row direction and a slow
read/write speed in the column direction. For this memory
it is for example possible to use a commercially available
inexpensive DRAM or SDRAM that is smaller than a
SRAM.

[0031] On the other hand, the memory used for the
small capacity memory section 12 has the characteristic
of a fixed access speed, even when performing random
access. A SRAM is favorable as a memory for satisfying
these conditions.

[0032] The detection signals sent from the phase de-
tection section 4 are stored in the large capacity memory
section 10 by instruction of the large capacity memory
control section 9. At this time, one detection signal (one
row worth) is written to the memory space of the large
capacity memory section 10 in the direction (row direc-
tion) indicated by the arrow "writing direction" in FIG. 2.
It should be noted that FIG. 2 expresses the memory
space of the large capacity memory section 10. In the
drawing the horizontal direction is the row direction and
the vertical direction is the column direction, as men-
tioned earlier, and the large capacity memory section 10
has the characteristic that its read/write speed in the row
direction (horizontal direction) is fast and its read/write
speed in the column direction (vertical direction) is slow.
[0033] Once the final detection signal of a single en-
semble (in this embodiment, this consists of eight detec-
tion signals) has been written to the large capacity mem-
ory section 10, then the large capacity memory control
section 9 reads the data of the single ensemble one row
at a time from the large capacity memory section 10 and
transfers them to the small capacity memory control sec-
tion 11. It should be noted that the reading direction at
this time is indicated by the arrow "reading direction" in
FIG. 2, and like the writing direction is the row direction
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in the large capacity memory section 10.

[0034] The small capacity memory control section 11
writes the data of a single ensemble, which have been
transferred one row at a time from the large capacity
memory section 10, to the small capacity memory section
12. Here, FIG. 3 shows the memory space of the small
capacity memory section 12 and the data read/write di-
rection. As shown by the arrow "writing direction" in FIG.
3, the direction in which data are written to the small ca-
pacity memory section 12 also is the row direction in the
memory space (the horizontal direction in FIG. 3). Once
the small capacity memory control section 11 confirms
that the transfer of the data of a single ensemble to the
small capacity memory section 12 has ended, it reads
the detection signals for a same depth (one point) from
the data of the ensemble in the small capacity memory
section 12 and transfers these to the blood flow compu-
tation section 6. The data reading direction at this time
is the column direction of the memory space of the small
capacity memory section 12 (the vertical direction in FIG.
3) as shown by the arrow "reading direction" in FIG. 3.
[0035] In this manner, with the ultrasonic Doppler
blood flowmeter of the first embodiment a large capacity
memory control section 9, a large capacity memory sec-
tion 10, a small capacity memory control section 11, and
a small capacity memory section 12 are provided, and
the large capacity memory control section 9 reads and
transfers the data of a single ensemble from the large
capacity memory section 10 to the small capacity mem-
ory section 12in the row direction only (see FIG. 2). Thus,
itis possible to transfer data to the small capacity memory
section 12 and the blood flow computation section 6 with-
out being affected by the slow read/write speed of the
column direction. Consequently, high-speed data trans-
fer to the small capacity memory section 12 and the blood
flow computation section 6 is possible even if the large
capacity memory section 10 is constituted by an inex-
pensive, compact SDRAM.

[0036] Also, even in cases where the capacity of the
small capacity memory section 12 is the capacity for the
detection signals of two points, which are required for the
computation of blood flow, rather than for a single en-
semble, when the detection signals for the two points
have been written to the large capacity memory section
10, then by reading the detection signals for the two
points from the large capacity memory section 10 such
that they are continuous in the row direction and trans-
ferring them to the small capacity memory section 12,
the number of continuous readings in the high-speed row
direction becomes two, making it possible to reduce the
effects of the slow reading speed of the column direction.

Second Embodiment

[0037] FIG. 4 shows the schematic structure of the ul-
trasonic Doppler blood flowmeter according to a second
embodiment of the present invention.

[0038] AsshowninFIG.4,an ultrasonic Doppler blood
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flowmeter 110 according to this embodiment is made of
aprobe 2 (ultrasonic wave send/receive section) thathas
a plurality of electroacoustic transducer elements and
that sends and receives ultrasonic waves, a transmission
section 1 that sends transmission signals toward the
probe 2, a reception section 3 that applies delay to the
signals that have been changed into electrical signals to
produce reception signals, a phase detection section 4
that detects the components that have undergone Dop-
pler transition from among the reception signals and
takes these as detection signals, an external memory
section 17 (firstmemory section) that is capable of storing
the detection signals of at least two ensembles, a com-
putation unit 19 thatinputs and outputs data and performs
blood flow information calculation, a scan converter 7
that forms an image, and a monitor 8 that displays an
image of the computed results.

[0039] The computation unit 19 is formed as a single
hardware unit, and is constituted by a first input/output
section 13, a second input/output section 16, a third in-
put/output section 18, a computation section 14, and an
internal memory section 15 (second memory section).
[0040] The first input/output section 13 receives sig-
nals from the phase detection section 4. The second in-
put/output section 16 inputs signals from and outputs sig-
nals to the external memory section 17. The third in-
put/output section 18 performs output to the scan con-
verter 7. The internal memory section 15 (second mem-
ory section) has a capacity that is capable of storing a
single ensemble, and stores data that are necessary for
blood flow information computation. The computation
section 14 has the function of controlling transfer be-
tween the internal memory section 15 and the first
through third input/output sections, and the function of
computing blood flow information.

[0041] The structure and operation of the transmission
section 1, the probe 2, the reception section 3, the phase
detection section 4, the scan converter section 7, and
the monitor 8 in FIG. 4 are the same as those in the first
embodiment, and thus description thereof is omitted.
[0042] By comparing FIG. 4 and FIG. 7 it can be un-
derstood that the ultrasonic Doppler blood flowmeter of
this present embodiment is different from conventional
ultrasonic Doppler blood flowmeters in that the output of
the phase detection section 4 is input to the computation
unit 19. Also, the computation unit 19 performs input/out-
put to and from the external memory section 17 and per-
forms output to the scan converter 7.

[0043] The memory thatis used for the external mem-
ory section 17 shall have the characteristic of a fast
read/write speed in the row direction and a slow
read/write speed in the column direction. For this memory
it is for example possible to use a compact, inexpensive
DRAM or SDRAM, for example.

[0044] On the other hand, the memory used for the
internal memory section 15 shall have the characteristic
of a fixed access speed, even when performing random
access. A SRAM is favorable as a memory for satisfying
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these conditions.

[0045] For the computation unit 19 itis possible to use
a DSP or a CPU, for example.

[0046] The operation of the ultrasonic Doppler blood
flowmeter 110 of this embodiment having the above con-
figuration is described using the flowchart of FIG. 5.
[0047] A detection signal that has been sent from the
phase detection section 4 to the first input/output section
13 is stored to the external memory section 17 by way
of the second input/output section 16 by instruction of
the computation section 14. At this time, one detection
signal is written to a single row of address space of the
external memory section 17 (step S401).

[0048] Next, it is determined whether or not the one
detection signal that has been written to the external
memory section 17 at this time is the final detection signal
of the ensemble (step S402). If the result of this determi-
nation is NO, then the procedure returns to the process
(step S401) of writing from the phase detection section
4 to the external memory section 17. If the result is YES,
then the computation section 14 reads the data of the
one ensemble from the external memory section 17 one
row at a time and transfers them to the internal memory
section 15 (step S403). The computation section 14 also
reads the data stored on the internal memory section 15,
computes the blood flow information for one line, and
stores the results of this computationin the internal mem-
ory section 15 (step S404).

[0049] The computation section 14 then transfers the
computation results stored in the internal memory section
15 to the scan converter 7 by way of the third input/output
section 18 (step S405), and then the procedure returns
to step S401.

[0050] In this way, with the ultrasound Doppler blood
flowmeter according to the second embodiment, an ex-
ternal memory section 17 and a computation unit 19 hav-
ing a computation section 14 and an internal memory
section 15 are provided, and the computation section 14
with its data transfer function reads and transfers the data
of single ensemble from the external memory section 17
to the internal memory section 15 in the row direction
only. Thus, it is possible to transfer data to the internal
memory section 15 without being affected by the slow
read/write speed in the column direction of the external
memory section 17.

[0051] Moreover, by using a computation unit 19 that
has an internal memory section 15, it is possible to use
software to describe the operation of the computation
section 14, which has the data transfer function and the
blood flow computation function, allowing the operation
content to be changed even after the hardware has been
installed.

[0052] It should be noted that, as a modified example
of the second embodiment, a configuration such as that
shown in FIG. 6 also can be considered one embodiment
of the present invention. In the configuration shown in
FIG. 6, two computation processing circuits (a data trans-
fer section 20 and a blood flow computation section 21)
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are provided to share the two functions of the computa-
tion section 14 shown in FIG. 4 (the data transfer function
and the blood flow computation function). By giving the
data transfer section 20 and the blood flow computation
section 21 the ability to access the internal memory sec-
tion 15directly, it becomes possible to perform data trans-
fer while computing the blood flow information, thus al-
lowing faster computation of blood flow information.
[0053] In this manner, with the ultrasonic Doppler
blood flowmeter of the second embodiment, by reading
and transferring the data of a single ensemble from the
external memory section 17 to the internal memory sec-
tion 15 in the row direction only, it is possible to transfer
data without being affected by the slow read/write speed
in the column direction. Consequently, high-speed data
transfer to the internal memory section 15 is possible
even if the external memory section 17 is an inexpensive,
compact DRAM or SDRAM, for example. It also becomes
possible to provide the device more inexpensively.
[0054] Inthe embodiments described above, if the ca-
pacity of the small capacity memory section 12 or the
internal memory section 15, which are the second mem-
ory section, is small, then when transferring fromthe large
capacity memory section 10 or the external memory sec-
tion 17, which are the first memory section, to the small
capacity memory section 12 or the internal memory sec-
tion 15, which are the second memory section, it is pos-
sible to split up the data of a single ensemble and read
and transfer the data that have been split up in sequence
in the row direction of the memory space of the first mem-
ory section. By doing this, it is possible to reduce the
effect of the slower read/write speed of the large capacity
memory section 10 or the external memory section 17,
which are the first memory section, even if the capacity
of the small capacity memory section 12 or the internal
memory section 15, which are the second memory sec-
tion, is small.

Industrial Applicability

[0055] As shown above, according to the present in-
vention it is possible to provide an ultrasonic Doppler
blood flow measurement device that is inexpensive and
compact, yet even in a case where the memory used for
the memory section has the characteristic of different
read/write speeds in the row direction and the column
direction, reduces the effects of the slower read/write
speed and maintains transfer to the blood flow informa-
tion computation section that is substantially equivalent
to that of convention.

Claims

1. An ultrasonic Doppler blood flow measurement de-
vice comprising:

an ultrasonic wave send/receive section that
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sends ultrasonic pulses into an object to be ex-
amined and receives ultrasonic pulse echoes
that are reflected from inside the object;

a phase detection section that detects compo-
nents that have undergone Doppler transition
from among the ultrasound pulse echoes and
takes these as detection signals;

a first memory section that is constituted by a
memory that has a two-dimensional address
space and different data read/write speeds in a
row direction and a column direction of the ad-
dress space, and that stores the detection sig-
nals;

a blood flow information computation section
that calculates blood flow information from the
detection signals;

a second memory section that is constituted by
amemory that has a capacity that is smallerthan
that of the first memory section but is at least
the capacity of a data amount required for the
blood flow information computation section to
compute any one depth point of the object, and
that stores the detection signals used for the
computation by the blood flow information com-
putation section; and

a data transfer section that performs data trans-
fer from the first memory section to the second
memory section in only the direction, of the row
direction and the column direction of the address
space of the first memory section, that has the
faster data read/write speed.

The ultrasonic Doppler blood flow measurement de-
vice according to claim 1,

wherein the second memory section is a memory
having a capacity that is at least double the data
amount necessary for the blood flow information
computation section to compute any one depth point
of the object; and

wherein the data transfer section transfers the de-
tection signals used for computing at least two points
with the blood flow information computation section
from the first memory section to the second memory
section.

The ultrasonic Doppler blood flow measurement de-
vice according to claim 1 or 2,

wherein the first memory section is constituted by a
DRAM or a SDRAM.

The ultrasonic Doppler blood flow measurement de-
vice according to any one of claims 1 to 3,

wherein the second memory section is constituted
by a SRAM.

The ultrasonic Doppler blood flow measurement de-
vice according to any one of claims 1 to 3,
wherein the blood flow information computation sec-
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tion, the second memory section, and the data trans-
fer section are mounted on a single hardware unit;
and

wherein the first memory section is provided as an
external memory of the hardware unit.

The ultrasonic Doppler blood flow measurement de-
vice according to claim 5,

wherein the operations of the blood flow information
computation section and the data transfer section
are controlled by a program.

The ultrasonic Doppler blood flow measurement de-
vice according to claim 5 or 6,

wherein the blood flow information computation sec-
tion and the data transfer section are constituted by
separate computation processing circuits; and
wherein each computation processing circuit has a
direct memory access function with respect to the
second memory section.

A program that controls the operations of the blood
flow information computation section and the data
transfer section in the ultrasonic Doppler blood flow
measurement device according to claim 6, the pro-
gram being for executing on the blood flow informa-
tion computation section and the data transfer sec-
tion:

a process of transferring signals that have been
input to the hardware unit to the first memory
section;

a process of determining whether a data amount
of the first memory section exceeds a data
amount necessary for the blood flow information
computation section to compute any one depth
point of an object to be examined;

a process of performing data transfer from the
first memory section to the second memory sec-
tion, in a case where the result of the determi-
nation process is positive, in only the direction,
of the row direction and the column direction of
the address space of the first memory section,
that has the faster data read/write speed; and
a process of causing the blood flow information
computation section to perform computation us-
ing the signals stored on the second memory
section.

A recording medium storing a program that controls
the operations of the blood flow information compu-
tation section and the data transfer section in the
ultrasonic Doppler blood flow measurement device
according to claim 6, the program executing on the
blood flow information computation section and the
data transfer section:

a process of transferring signals that have been
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input to the hardware unit to the first memory
section;

a process of determining whether a data amount
of the first memory section exceeds a data
amount necessary for the blood flow information
computation section to compute any one depth
point of an object to be examined,;

a process of performing data transfer from the
first memory section to the second memory sec-
tion, in a case where the result of the determi-
nation process is positive, in only the direction,
of the row direction and the column direction of
the address space of the first memory section,
that has the faster data read/write speed; and
a process of causing the blood flow information
computation section to perform computation us-
ing the signals stored on the second memory
section.
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