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measurement mode data in the data set, and controls the data
converter so that echo data in the data set are converted to
ultrasonic image data on the basis of the analyzed measure-
ment mode data.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND DATA PROCESSING METHOD
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and a data processing method for the same,
and particularly to a technique of an image operating device
for converting a reflection echo signal to an ultrasonic image.
Background Art

[0002] A conventional ultrasonic diagnostic apparatus has
a function of measuring a tomogram (B mode image) of an
examinee.

[0003] Furthermore, for example when a tomogram of a
heart is measured, the ultrasonic diagnostic apparatus has a
function of measuring a time-varying image (M mode image)
of the wall of the heart. In order to measure these plural
measurement modes in parallel, plural data converters called
as a digital scan converter (DSC) are provided (for example,
Patent Document 1).

PRIOR ART DOCUMENT
Patent Document

[0004] Patent Document 1: Japanese Patent No. 3,612,358

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0005] However, the ultrasonic diagnostic apparatus still
has a technical problem that tradeoff occurs between reduc-
tion of the circuit scale of a data converter which contributes
to miniaturization of the device and speed-up of data opera-
tion processing of the data converter which contributes to
enhancement of the function of the device.

[0006] Therefore, an object of the present invention is to
provide an ultrasonic diagnostic apparatus that can speed up
data operation processing even when only one data converter
is provided, and a data processing method for the ultrasonic
diagnostic apparatus.

Means of Solving the Problem

[0007] In order to solve the foregoing problem, the present
invention is constructed as follows.

[0008] An ultrasonic diagnostic apparatus according to the
present invention that has an ultrasonic probe for transmitting
an ultrasonic beam to an examinee and receiving a reflection
echo signal from the examinee, a beam forming unit for
supplying the ultrasonic probe with a signal for making the
ultrasonic probe transmit an ultrasonic beam, and a data con-
verter for digitalizing the reflection echo signal to obtain echo
data, and converting the echo data to ultrasonic image data,
includes a setting unit that sets measurement mode data of the
ultrasonic image data in the echo data, and a controller that
creates a data set while appending the measurement mode
data and the echo data, transferring the data set to the data
converter, makes the data converter analyze the measurement
mode data in the data set, and controls the data converter so
that echo data in the data set are converted to ultrasonic image
data on the basis of the analyzed measurement mode data.
[0009] Furthermore, a data processing method for an ultra-
sonic diagnostic apparatus according to the present invention
includes: transmitting an ultrasonic beam to an examinee and
receiving a reflection echo signal from the examinee by an
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ultrasonic probe; supplying the ultrasonic probe with a signal
for making the ultrasonic probe transmit an ultrasonic beam
by a beam forming unit; digitalizing the reflection echo signal
to obtain echo data and converting the echo data to ultrasonic
image data by a data converter; setting measurement mode
data of the ultrasonic image data in the echo data by a setting
unit; and generating data set while appending the measure-
ment mode data and the echo data, transferring the data set to
the data converter, making the data converter analyze mea-
surement mode data in the data set, and controlling the data
converter so as to convert echo data in the data set to ultra-
sonic image data on the basis of the analyzed measurement
mode data by a controller.

[0010] These constituents can speed up the data operation
processing even by one data converter.

Effect of the Invention

[0011] As described above, according to the present inven-
tion, there can be provided an ultrasonic diagnostic apparatus
that can speed up the data operation processing even by one
data converter, and a data processing method for the ultra-
sonic diagnostic apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram showing the construction
of an ultrasonic diagnostic apparatus to which the present
invention is applied.

[0013] FIG. 2A is a diagram showing a construction of
generating a data set of shared data and RF data and a data
flow.

[0014] FIG. 2B is a diagram showing a construction of
generating a data set of shared data and RF data and a data
flow.

[0015] FIG. 3 is a diagram showing a construction of gen-
erating packet data from original data and a data flow.
[0016] FIG. 4isa diagram showing a construction of restor-
ing original data from packet data and a data flow.

[0017] FIG. 5 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
of FIG. 1 is made to process a B mode image.

[0018] FIG. 6 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
of FIG. 1 is made to process a B mode image.

[0019] FIG. 7is a time chart showing an executing cycle of
data processing ofBM1, BM2 of FIG. 5 and a processing flow
of assigning processing to BM1, BM2 of FIG. 5 to perform
specific processing of generating the B mode image by a
pipeline system.

[0020] FIG. 8 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
of FIG. 1 1s made to perform processing of DEMUX process-
ing, B mode, D mode measurement.

[0021] FIG. 9 is a processing flow of assigning processing
to DEM, BM1, BM2, DM1, DM2 of FIG. 8 to perform
specific processing of imaging the B mode image and the D
mode measurement by a pipeline system.

[0022] FIG. 10 is a time chart showing an executing cycle
of data processing of DEM, BM1, BM2, DM1, DM2 of FIG.
8.

[0023] FIG. 11 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
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of FIG. 1 is made to perform B mode (containing the
DEMUX processing), D mode measurement (containing
DEMUX processing).

[0024] FIG. 12 is a diagram showing a processing flow of
assigning processing to BM1, BM2, DM1,DM2 of FIG. 11 to
perform specific processing of imaging the B mode image
and the D mode measurement by the pipeline system.
[0025] FIG. 13 is a time chart showing an executing cycle
of data processing of BM1, BM2, DM1, DM2 of FIG. 11.

[0026] FIG. 14 shows a processing flow of interrupting a
pipeline of a specific processing of imaging the B mode
image.

[0027] FIG. 15 is a time chart showing an executing cycle

of data processing of BM1 of FIG. 14.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0028] An ultrasonic diagnostic apparatus to which the
present invention is applied will be described with reference
to the drawings.

[0029] FIG.1 is a block diagram showing the construction
of the ultrasonic diagnostic apparatus to which the present
invention is applied.

[0030] As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus according to the present invention has an ultrasonic
probe 1 for transmitting an ultrasonic beam to an examinee
and receiving a reflection echo signal from the examinee, a
transmission/reception switching unit 2 for switching trans-
mission and reception of the ultrasonic probe 1, a beam form-
ing unit (DBF: Digital Beam Former) 3 for supplying the
ultrasonic probe 1 with a signal which makes the ultrasonic
probe 1 transmit an ultrasonic beam, a data converter (DSC:
Digital Scan Converter) 4 for digitalizing the reflection echo
signal to obtain echo data and converting the echo data to
ultrasonic image data, a setting unit 5 for setting measurement
mode data of the ultrasonic image data in the echo data, and a
controller (Controller) 6 for generating a data set for the
measurement mode data and the echo data, transferring the
data set to the data converter 4, making the data converter 4
analyze the measurement mode data in the data set, and
controlling the data converter 4 to convert the echo data in the
data set to ultrasonic image data on the basis of the analyzed
measurement mode data.

[0031] Intheultrasonic probe 1, transducer elements which
correspond to 1 to m channels are arranged in the long axis
direction of the ultrasonic probe 1. In this case, the ultrasonic
probe 1 is cut into m parts in the long axis direction in
connection with 1 to m channels. Therefore, beam focus of
wave transmission and wave reception can be performed in
the long axis direction by changing a delay time applied to
each of the transducer elements (1 to m channels) in the long
axis direction. Furthermore, transmission-wave weighting is
performed by varying the amplitude of an ultrasonic trans-
mission signal to be supplied to each transducer element in
the long axis direction, and reception-wave weighting is per-
formed by varying the amplification degree or attenuation
degree of an ultrasonic reception signal from each transducer
element in the longitudinal direction. Furthermore, aperture
control can be performed by turning on/off each transducer
element in the short axis direction. Here, when the ultrasonic
probe 1 is also cut into k parts in the short axis direction so that
the k parts are arranged in connection with 1 to k channels,
beam focus of transmission wave and reception wave can be
also performed in the short axis direction by changing the
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delay time applied to each transducer element (1 to k chan-
nels) in the short axis direction.

[0032] Furthermore, transmission-wave weighting is per-
formed by varying the amplitude of the ultrasonic transmis-
sion signal applied to each transducer element in the short
axis direction, and reception-wave weighting is performed by
varying the amplification degree or attenuation degree of the
ultrasonic reception signal from each transducer element in
the short axis direction. Furthermore, aperture control can be
performed by turning on/off each transducer element in the
short axis direction.

[0033] There is also known the ultrasonic probe 1 in which
a transducer is formed of a piezoelectric element. Further-
more, there is also known the ultrasonic probe 1 in which a
transducer is formed of a semiconductor called as CMUT
(Capacitive Micro machined Ultrasonic Transducer).

[0034] The transmission/reception switching unit 2 serves
as an interface for supplying a transmission signal to the
ultrasonic probe 1 and also processing a received reflection
echo signal. Furthermore, the transmission/reception switch-
ing unit 2 has a function of a wave receiving circuit for
receiving the reflection echo signal from the inside of the
examinee based on the punch-out ultrasonic beam to collect
biological information.

[0035] The beam forming unit 3 is a wave transmission
circuit for controlling the ultrasonic probe 1 to punch out an
ultrasonic beam.

[0036] The data converter 4 converts the reflection echo
signal processed in the transmission/reception switching unit
2to an ultrasonic tomographic image, and forms an ultrasonic
image on the basis of successively input reflection echo sig-
nals. The ultrasonic image contains an A mode image, a B
mode image, a color flow mapping (C) mode image, a Dop-
pler (D) mode image, an elasticity (elast) (E) mode image,
and a three-dimensional ultrasonic image obtained by mainly
reconstructing B mode images which are arranged continu-
ously along the body surface of the examinee.

[0037] The setting unit 5 is used for an operator to input
various kinds of desired parameters such as a measurement
mode, patient information, an imaging position, etc. by using
a key board or a trackball.

[0038] The controller 6 is a control computer system for
controlling the transmission/reception switching unit 2, the
beam forming unit 3 and the data converter 4 to function on
the basis of the various kinds of parameters input by the
setting unit 5.

[0039] A video memory 7 stores an ultrasonic image
formed by the data converter 4, character and graphic infor-
mation such as patient information and body mark informa-
tion and graphic information of the setting unit 5 while com-
bining these information. The controller 6 described above
also has the function of a display controller for selectively
controlling a display format for display.

[0040] A display unit 8 displays an ultrasonic image stored
in the video memory 7, and it includes a CRT monitor or
liquid crystal monitor, for example. The display unit 8 may be
configured to display an ultrasonic image so that the operator
can make diagnoses, and any display technique of analog
output and digital output may be contained in the embodi-
ment of this invention.

[0041] Furthermore, the data converter 4 has an internal
memory 41, a processor controller (PPE: PowerPC Processor
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Element) 42, an internal data transmission bus (EIB: Element
Interconnect Bus) 43, and processors (SPE: Synergistic Pro-
cessor Element) 44 to 4B.

[0042] The internal memory 41 receives and stores data
transmitted from the controller 6.

[0043] The processor controller 42 controls the processors
44 to 4B which are connected to one another through the
internal data transmission bus 43. Asa specific example of the
control thereof, it analyzes data and parameters stored in the
internal memory 41, assigns processing programs to the pro-
cessors 44 to 4B and obtain an ultrasonic image from the data
stored in the internal memory 41. A processor in which archi-
tectures such as CELL, etc. are standardized is used as the
data converter 4. CELL is an abbreviation of Cell Broadband
Engine (registered trademark) in Japan, and it is a micropro-
cessor developed by Sony Computer Entertainment Co., Ltd.,
etc.

[0044] Furthermore, the number of the processors is set to
eight as an example in FIG. 1, however, it may be set to any
natural number because any number can be set in accordance
with the processing capability of the processor.

First Embodiment

Data Set of Shared Data (CD) and Processing Target
Data (RD)/Transmission

[0045] A firstembodiment will be described with reference
to FIGS. 2A and 2B. In the first embodiment, the data set of
the shared data (CD) and the processing target data (RD) and
a data processing method based on this data set will be dis-
closed. The data set means that composite data of the shared
data (CD) and the processing target data (RD) are created.
[0046] FIGS. 2A and 2B are diagrams showing a construc-
tion of generating the data set of the shared data and the RF
data and a data flow.

[0047] First, the construction of the first embodiment will
be described with reference to FIG. 2A.

[0048] The controller 6 has an internal memory 61.

[0049] The internal memory 61 stores the shared data (CD)
containing measurement mode (A mode, B mode, C mode, D
mode, E mode, three-dimension, etc.) data set by the setting
unit 5. The shared data (CD) has a storage area of 1 byte as an
example.

[0050] The internal memory 61 stores the measured pro-
cessing target data (RD). The processing target data (RD) has
a storage area of 1024 bytes as an example.

[0051] The controller 6 has a function of consecutively
storing addresses of the storage area of the shared data (CD)
and the storage area of the processing target data (RD) in the
internal memory 61. In this embodiment, this function is
referred to as ““data set” established”. The controller 6 also
has a function of transmitting to the memory 41 of the data
converter 4 (DSC) the data stored in the storage areas of the
shared data (CD) and the processing target data (RD) for
which data set is established.

[0052] The operation of the first embodiment will be
described with reference to FIG. 2B.

[0053] The controller 6 makes the address of the storage
area of the shared data (CD) and the address of the storage
area of the processing target data (RD) in the internal memory
61 consecutive to establish the data set.

[0054] The controller 6 transmits to the memory 41 of the
data converter 4 the data stored in the storage areas of the
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shared data (CD) and the processing target data (RD) for
which the data set is established.

[0055] According to the first embodiment, the controller 6
generates the data set for the shared data (CD) and the pro-
cessing target data (RD) and transmits the data set to the
memory 41 of the data converter 4, makes the data converter
4 analyze the measurement mode data in the data set and
controls the data converter 4 with the analyzed measurement
mode data to convert the echo data in the data set to the
ultrasonic image data. Therefore, the processing speed of the
data operation processing can be increased by even one data
converter, Furthermore, an effect inherent to the first embodi-
ment resides in that the processing target data and the pro-
cessing parameters are delivered to the processor together
through the data transmission bus, and thus standby process-
ing which has been hitherto provided when arrival of a signal
corresponding to the processing parameters and arrival of the
processing target data are asynchronous with each other can
be omitted.

Second Embodiment
Packet Division/Restoration

[0056] A second embodiment will be described with refer-
ence to FIGS. 3 and 4. It is disclosed in the second embodi-
ment that for example when plural measurement modes such
as the B mode and the D mode are alternately measured,
reduction of a frame rate in each measurement mode is pre-
vented.

[0057] FIG. 3 is a diagram showing a construction of gen-
erating packet data from original data and a data flow thereof,
and FIG. 4 is a diagram showing a construction of restoring
original data from packet data and a data flow thereof.
[0058] As in the case of the first embodiment, there is
assumed occurrence of a situation that when the processing
target data (RD) (“original data” as alias name) is transmitted
with keeping 1024 bytes, the data transmission bus for con-
necting the controller (CONT) 6 and the data converter (DSC)
4 cannot transmit next measurement mode data until trans-
mission is finished. For example, a standby state of measure-
ment is expected when the B mode and the D mode are
alternately measured or the like. In order to avoid this sate, a
packet communication technique of communicating mea-
surement data while dividing the measurement data is used.
[0059] In order to create the packet data, it is necessary to
add the shared data (CD) with each data of a time code
representing a measurement time, a packet number and the
total number of packets in the measurement mode of the first
embodiment and also perform data division of the processing
target data (RD). When the shared data (CD) is added with the
respective data described above and preliminary data are
contained, it is equal to about 48 bytes, for example.

[0060] With respect to the specification of the ultrasonic
diagnostic apparatus, the scan processing of ultrasonic sig-
nals to be successively measured is required to be performed
on a real-time basis. The dividing number is determined in
accordance with this requirement.

[0061] Furthermore, high functionalization such as
increase of the number of channels of the ultrasonic probe, a
situation that data processing having plural measurement
modes is executed in parallel, shift of transmission/reception
repeat frequency of ultrasonic waves from 8 kHz to high
frequency of about 20 kHz, etc. are considered. For example,
it is expected to require high-speed communication of about
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20times of 1 (shared data (CD))+1024 (processing target data
(RD))=1025 bytes in the first embodiment.
[0062] Accordingly, 1025 bytes+20~51.2 bytes

51.2-48=3.2 bytes

[0063] Accordingly, with respect to the number of trans-
missible bytes, every 2 bytes smaller than 3.2 bytes, that is,
2+48=50 bytes may be set to the size of the packet data, and
the dividing number of the processing target data (RD) may
be set to 512,

[0064] The controller 6 has the internal memory 61 asin the
case of the first embodiment, and thus the description thereof
is omitted.

[0065] The internal memory 61 stores the shared data (CD)
containing the measurement mode data. The shared data (CD)
has a storage area of 48 bytes as an example.

[0066] The internal memory 61 stores data (RDOO1 to
RD3512) obtained by dividing the measured original data into
512 parts. The divided data have a storage area of 2 bytes.
[0067] The controller 6 has a function of establishing data
set for the storage area of CD and the storage area of the
divided data (RD001 to RD512) from the original data in the
internal memory 61, and generating packet data. The control-
ler 6 also has a function of transmitting the generated packet
data to the memory 41 of the data converter 4 (DSC). Packet
data of 512 are stored with the time code: a measured time
from a timer contained in the controller 6, measurement
mode; B mode, packet number: 1 to 513, packet total number:
513, for example. The packet data of 512 are a data set of CD
(48 bytes) and RDOO1 (2 bytes), adata set of shared data (CD)
(48 bytes) and RD002 (2 bytes), . . . a data set of CD (48 bytes)
and RD512 (2 bytes). A data end code (EOD) is set in the last
packet data to communicate end of the packet data to the data
converter 4.

[0068] The processor controller 42 of the data converter 4
receives packet data of 513 from the controller 6, and stores
the packet data in the internal memory 41. The processor
controller 42 analyzes the shared data (CD) and EOD to
restore original data. As an analysis example, the time code
and measurement mode of the shared data (CD) are analyzed,
whereby the original data is restored from the packet data of
the same measurement mode (in this case, B mode) which is
obtained at the same time. Furthermore, with respect to the
original data, the processor controller 42 assigns processing
programs to the processors 44 to 4B, and obtains a B mode
image from data stored in the internal memory 41.

[0069] The operation of the second embodiment will be
described with reference to FIGS. 3 and 4.

[0070] The controller 6 makes the addresses of the storage
area of the shared data (CD) and the storage area of the
divided data of the processing target data (RD) in the internal
memory 61 consecutive to establish the data set, and gener-
ates packet data of 513.

[0071] The controller 6 transmits the generated packet data
of 513 to the memory 41 of the data converter 4.

[0072] The processor controller 42 analyzes the time code
and the measurement mode in the packet data of 513, thereby
restoring the original data from the packet data of the same
measurement mode (in this case, B mode) obtained at the
same time. Furthermore, with respect to the original data, the
processor controller 42 assigns the processing programs to
the processors 44 to 4B, and obtains a B mode image from the
data stored in the internal memory 41.

[0073]  According to the second embodiment, the controller
6 generates the packet data, transmits the packet data to the
memory 41 of the data converter 4, makes the data converter
4 analyze the measurement mode data in the packet data, and
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controls the data converter 4 so that the ultrasonic image data
is converted from the echo data for which the packet data are
restored on the basis of the analyzed measurement mode data.

[0074] Therefore, the data operation processing speed can
be increased by even one data converter. Furthermore, the
effect of the second embodiment can satisfy the requirements
of the speed-up and the high functionalization containing
plural measurement modes and shift of the transmission/
reception repeat frequency of ultrasonic waves to high fre-
quency.

Third Embodiment
Calculation of B mode Image/Pipeline Processing

[0075] A third embodiment will be described with refer-
ence to FIGS. 5, 6 and 7. In the third embodiment, an example
of imaging a B mode image will be disclosed.

[0076] FIG. 5 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
of FIG. 1 is made to process a B mode image. In this case, in
order to perform the image processing of the B mode image at
high speed, a processor which executes data processing is
provided to two processors of the processor 44 and the pro-
cessor 45. It is assigned as BM1 and BM2 to the processors 44
and 45, respectively.

[0077] FIG. 6 is a diagram showing a processing flow in
which the processing is assigned to BM1 and BM2 of FIG. 5
in order to perform specific processing with the pipeline
system until a B mode image is generated, and FIG. 7 is a time
chart showing an executing cycle of data processing of BM1,
BM2 of FIG. 5.

[0078] The processing necessary until the B mode image is
generated roughly includes logarithmic compression pro-
cessing, persistence processing, enhancement processing,
scan conversion processing, gamma correction processing
and data transfer processing.

[0079] The dynamic range of the ultrasonic reception sig-
nal which 1s equal to twentieth power of 2 is compressed to a
dynamic range on a relatively small circuit, substantially the
dynamic range of a monitor by the logarithmic compression
processing. The persistence processing executes sum and
average on data displayed at the same position on the monitor
for pixels after the logarithmic compression processing. The
enhancement processing executes edge reinforcement on the
pixels after the persistence processing so that the boundary
between pixels is sharp. The scan conversion processing sub-
jects the pixels after the enhancement processing to coordi-
nate conversion from ultrasonic beam scanning to display
monitor scanning. The gamma correction processing corrects
the display gradation by a gamma curve for determining the
domain and the range for pixels for the pixels after the scan
conversion processing. The data transfer processing transmits
an image after the gamma correction processing (B mode
image) to the video memory 7.

[0080] These processing can be classified into ultrasonic
scan processing including the logarithmic compression pro-
cessing, the persistence processing and the enhancement pro-
cessing, and TV scan processing including the scan conver-
sion processing, the gamma correction processing and the
data transfer processing. That is, the ultrasonic scan process-
ing is assigned to BMI, and the TV scan processing is
assigned to BM2. Accordingly, the pipeline system can be
adopted for the data gamma correction processing of the B
mode image which is successively updated.
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[0081] Next, the operation of the data processing will be
described with reference to FIG. 7.

[0082] First, the processor 44 (BM1) executes the ultra-
sonic scan processing on RF1 which is first processing target
data (RD).

[0083] Next, the processor 45 (BM2) executes the TV scan
processing on RF1, and outputs the B mode image data
(BMDI) corresponding to RF1 to the video memory 7. The
processor 44 (BM1) executes the ultrasonic scan processing
on RF2 as data next to RF1 in the same pipeline operation
executing cycle.

[0084] Furthermore, the video memory 7 displays BMDI1
on the display 8. In the same pipeline operation executing
cycle, the processor 45 (BM2) executes the TV scan process-
ing on RF2, and outputs the B mode image data (BMD2)
corresponding to RF2 to the video memory 7. Furthermore, in
the same pipeline operation executing cycle, the processor 44
(BM1) executes the ultrasonic scan processing on RF3 as data
next to RF2.

[0085] Furthermore, the video memory 7 subsequently dis-
plays BMD2 on the display 8. In the same pipeline operation
executing cycle, the processor 45 (BM2) executes the TV
scan processing on RF3, and outputs the B mode image data
(BMD3) for RF3 to the video memory 7. In the same pipeline
operation executing cycle, the processor 44 (BM1) executes
the ultrasonic scan processing on RF4 as data next to RF3.
[0086] Subsequently, the operation of the pipeline system
constructed in three stages as described above is repeated
until B mode image data (BMDn) for RFn (n represents a
natural number) is displayed on the display 7.

[0087] In the third embodiment, the data converter 4
includes the plural processor units 44 to 4B, and the controller
6 assigns at least one of the processor units 44 to 4B to the
operation of the ultrasonic image data of the measurement
mode, and controls the assigned processor unit so as to per-
form the conversion from the echo data to the ultrasonic
image data.

[0088] Furthermore, when the ultrasonic image data of the
measurement mode is operated by using plural assigned pro-
cessor units, the controller 6 controls the assigned processor
units so as to execute the pipeline processing on the processor
units at the plural stages.

[0089] Accordingly, the third embodiment has the con-
struction described above, and thus the data operation pro-
cessing can be speeded up even by one data converter. Fur-
thermore, the effect of the third embodiment can satisfy the
requirement in the high speed and high functionalization by
the parallel data processing or the pipeline processing.

Fourth Embodiment

When Dedicated Processor is Provided for Demulti-
plexer (DEMUX) Processing

[0090] A fourth embodiment will be described with refer-
ence to FIGS. 8, 9 and 10. The fourth embodiment discloses
an example in which when a B mode image and a D mode
measurement are alternately measured, DEMUX processing
for sorting the data of the respective modes is assigned to one
processor, and every two processors are assigned to each of B
mode image and D mode measurement so that the B mode
image and the D mode measurement are imaged.

[0091] FIG. 8 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
of FIG. 1 is made to perform the DEMUX processing, the B
mode, D mode measurement. In this case, the processor 44 is
assigned to the DEMUX processing, the processor for execut-
ing the data processing on the B mode image is assigned to the
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two processors of the processor 45 and the processor 46, and
the processor for executing the data processing on the D mode
measurement is assigned to the two processors of the proces-
sor 47 and the processor 48. These processors 44 to 48 are
assigned as DEM, BM1, BM2, DM1, DM2.

[0092] FIG. 9 is a diagram showing a processing flow in
which processing is assigned to DEM, BM1, BM2, DMI,
DM2 of FIG. 8 to perform the specific processing to the
imaging of the B mode image and the D mode measurement
by the pipeline system, and FIG. 10 is a time chart showing
the executing cycle of data processing of DEM, BM1, BM2,
DM1, DM2 of FIG. 8.

[0093] The DEMUX processing determines which mea-
surement mode the processing target data corresponds to, and
shares the processing target data to a B mode processor and a
D mode processor on the basis of this determination.

[0094] 1In the fourth embodiment, the processor 44 (DEM)
shares the processing target based on the measurement mode.
The processor 44 (DEM) reads out data from the measure-
ment mode in the data set in the first embodiment and in the
packet data in the second embodiment, and shares the pro-
cessing target data to the processor 45 (BM1) for the B mode
or to the processor 47 (DM1) for the D mode on the basis of
the read-out measurement mode data.

[0095] With respect to the processing required until the B
mode image is generated, a part thereof described with refer-
ence to the third embodiment is omitted from the description,
and only a different part will be described. The TV scan
processing is added with combination processing of combin-
ing a measurement result of the D mode and the B mode
image which is described later as processing to be inserted
between the gamma correction processing and the data trans-
fer processing. Furthermore, the data transfer processing
transmits the image after the combination processing (the
composite image of the B mode image and the D mode
measurement) to the video memory 7.

[0096] The processing required until the D mode measure-
ment roughly includes sample gate (SG) setting processing,
re-sampling processing, Fast Fourier Transform (FFT) pro-
cessing, sum and average processing, logarithmic compres-
sion processing, storage processing, scan conversion process-
ing and gamma correction processing.

[0097] The SG setting processing set SG at a desired blood
flow rate diagnosing site on an ultrasonic B mode image of the
examinee. The re-sampling processing interpolatively deter-
mines a sample point to be subjected to Fourier Transform at
arear stage. The FFT processing executes frequency analysis
on a sample point interpolated by the re-sampling processing,
and removes a relatively low-frequency clutter component
from a reflection body of a low moving speed such as cardiac
muscle or the like to extract a blood flow component of a
relatively high frequency. The sum and average processing
obtains a so-called correlation value of each sample point for
the blood flow component extracted by the FFT processing.
The logarithmic compression processing substantially com-
presses the dynamic range of the sum and average processing
result to the dynamic range of the monitor. The storage pro-
cessing stores a logarithmic compression processing result
into the internal memory 41. The scan conversion processing
executes the coordinate conversion from the scan of the ultra-
sonic beam to the scan of the display monitor on the pixels
stored in the internal memory 41. The gamma correction
processing corrects the display gradation by a gamma curve
for determining the domain and range of pixels for the pixels
after the scan conversion processing, and outputs the correc-
tion result to the composite processing.



US 2011/0166454 Al

[0098] These D mode measurement processing can be clas-
sified into ultrasonic scan processing including the SG setting
processing, the re-sampling processing, the Fast Fourier
Transform (FFT) processing, the sum and average processing
and the logarithmic compression processing, and TV scan
processing including the gamma correction processing. That
is, the ultrasonic scan processing is assigned to DM1, and the
TV scanning processing is assigned to DM2. Accordingly, the
pipeline system can be adopted for the data processing of the
D mode measurement which is successively updated.

[0099] Next, the operation of the data processing will be
described with reference to FI1G. 10.

[0100] First, the processor 44 (DEM) executes data sharing
processing on RF1 as first processing target data (RD). In this
case, since data processing of the B mode and data processing
of the D mode progress in parallel to the clock (CONT CLK)
ofthe controller 6, the measurement data RFD1 of the Dmode
and the measurement data REFB1 of the B mode are contained
in RF1. In this sense, the measurement data REFD2, RFDn of
the D mode and the measurement data RFB2, RFBn of the B
mode are contained in RF2, RFn (n represents a natural num-
ber). The processor 44 (DEM) shares RFD1 to the processor
47 (DM1) and shares RFB1 to the processor 45 (BM1).

[0101] Subsequently, the processor 45 (BM1) executes the
ultrasonic scan processing (B mode) on RFB1. In the same
pipeline operation executing cycle, the processor 47 (DM1)
executes the ultrasonic scan processing (D mode) on RFD1.
In the same pipeline operation executing cycle, the processor
44 (DEM) shares RFD2 to the processor 47 (DM1) and shares
RFB2 to the processor 45 (BM1).

[0102] Furthermore, subsequently, the processor 48 (DM2)
executes the TV scan processing (D mode) on RFD1 to gen-
erate D mode measurement data (DMD1) for RFD1. The
processor 46 (BM2) executes the TV scan processing (B
mode) on RFB1 to generate B mode image data (BMD1) for
RFBI1, and combines the B mode image data (BMD1) with
the D mode measurement data (DMD1). In the same pipeline
operation executing cycle, the processor 46 (BM2) executes
the ultrasonic scan processing (B mode) on RFB2. In the
same pipeline operation executing cycle, the processor 48
(DM2) executes the ultrasonic scan processing (D mode) on
RFD2. In the same pipeline operation executing cycle, the
processor 44 (DEM) shares RFD3 to the processor 47 (DM1)
and shares RFB3 to the processor 45 (BM1).

[0103] Subsequently, the processor 48 (DM2) executes the
TV scan processing (D mode) on RFD2 to generate D mode
measurement data (DMD2) for RFD2. The processor 46
(BM2) executes the TV scan processing on RFB1 to generate
B mode image data (BMD2) for RFB2 and combines the B
mode image data (BMD2) with the D mode measurement
data (DMD2). The processor 45 (BM1) executes the ultra-
sonic scan processing (B mode) on RFB2. In the same pipe-
line operation executing cycle, the processor 47 (DM3)
executes the ultrasonic scan processing (D mode) on RFD2.
In the same pipeline operation executing cycle, the processor
44 (DEM) shares RFD4 to the processor 47 (DM1), and
shares RFB4 to the processor 45 (BM1).

[0104] Further subsequently, the pipeline processing con-
structed by five stages is repeated until B mode image data
(BMDn) for RFn (n represents a natural number) is displayed
on the display 7.

[0105] In the fourth embodiment, the data converter 4
includes the plural processor units 44 to 4B, and the controller
6 assigns at least one of the processor units 44 to 4B to the
operation of the ultrasonic image data of the measurement
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data, and controls the assigned processor unit so as to perform
the conversion from the echo data to the ultrasonic image
data.

[0106] Furthermore, when plural stages of assigned proces-
sor units are used to operate the ultrasonic image data of the
measurement mode, the controller 6 controls the assigned
processor units so as to execute the pipeline processing on the
plural stages of the processor units.

[0107] Accordingly, when the controller 6 controls the plu-
ral processor units (44 to 4B) to advance plural measurement
modes, in order to distribute the data set of each individual
measurement mode to any processor unit to perform the plu-
ral measurement modes, a processor unit 44 different from
the any processor unit is assigned, and the processor unit 44
different from the any processor unit and the any processor
unit are controlled, so that the data operation processing
speed can be increased by even one data converter. An effect
inherent to the fourth embodiment resides in that the access
efficiency to the internal memory 41 can be increased.

Fifth Embodiment

When Demultiplexer (DEMUX) Processing is Dis-
persed to Processors

[0108] A fifthembodiment will be described with reference
to FIGS. 11, 12 and 13. The fifth embodiment discloses an
example in which when the B mode image and the D mode
measurement are alternately measured, every two processors
are assigned to each of the B mode image and the D mode
measurement in parallel to the DEMUX processing of sorting
the data of each mode, and the B mode image and the D mode
measurement are imaged by each processor.

[0109] FIG. 11 is a block diagram showing an example in
which the construction of the ultrasonic diagnostic apparatus
of FIG. 1 is made to process the B mode (containing the
DEMUX processing) and the D mode measurement (contain-
ing the DEMUX processing). In this case, the processor for
executing the DEMUX processing on the B mode image and
executing the data processing on the B mode image is
assigned to two processors of the processor 44 and the pro-
cessor 45, and the processor for executing the DEMUX pro-
cessing on the D mode image and executing the data process-
ing onthe D mode measurement is assigned to two processors
of the processor 46 and the processor 47. The assigned pro-
cessors 44 to 47 are represented by BM1, BM2, DM1, DM2,
respectively.

[0110] FIG. 12 is a diagram showing a processing flow in
which the processing is assigned to BM1, BM2, DM1, DM2
of FIG. 11 in order to perform the specific processing to the
imaging of the B mode image and the D mode measurement
by the pipeline system, and FIG. 13 is a time chart represent-
ing an execution cycle of data processing of BM1, BM2,
DM1, DM2 of FIG. 11.

[0111] The D-DEMUX processing determines whether the
processing target data is a D mode or not, and takes the
processing target data into the processor 46 on the basis of this
determination. The B-DEMUX processing determines
whether the processing target data is a B mode, and takes the
processing target data into the processor 44 on the basis of this
determination.

[0112] In the fifth embodiment, the processor 44 (BM1)
takes the processing target based on this measurement mode.
The processor 44 (BM1) reads data from the measurement
mode in the data set in the first embodiment or in the packet
data in the second embodiment, and takes the processing
target data into the processor 45 (BM1) on the basis of the
read-out measurement mode data in the case of the B mode.
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The processor 46 (DM1) takes the processing target based on
this measurement mode. The processor 46 (DM1) reads out
data from the measurement mode in the data set in the first
embodiment or in the packet data in the second embodiment,
and takes the processing target data into the processor 46
(DM1) on the basis of the read-out measurement mode data in
the case of the D mode.

[0113] With respect to the processing required until gen-
eration of the B mode image and the processing required until
the D mode measurement, the portion described with refer-
ence to the fourth embodiment is omitted from the descrip-
tion.

[0114] The processing required till the generation of the B
mode image roughly includes the B-DEMUX processing, the
logarithmic compression processing, the persistence process-
ing, the enhancement processing, the scan-conversion pro-
cessing, the gamma correction processing and the data trans-
fer processing.

[0115] The B-DEMUX processing identifies processing
data in which the measurement mode is only the B mode, and
reads out it into the processor 44.

[0116] The D mode measurement processing roughly
includes the D-DEMUX processing, the SG setting process-
ing, the re-sampling processing, the Fast Fourier Transform
(FFT) processing, the sum and average processing, the loga-
rithmic compression processing and the gamma correction
processing. The B-DEMUX processing identifies processing
data in which the measurement data is only the D mode, and
reads it into the processor 46.

[0117] Next, the operation of the data processing will be
described with reference to FIG. 13.

[0118] First, the processor 44 (BM1) executes the data
take-in processing on RF1 as first processing target data
(RD), and executes the ultrasonic scan processing (B mode)
on RFBL1. In the same pipeline operation executing cycle, the
processor 46 (DM1) executes the ultrasonic scan processing
(D mode) on RFDI.

[0119] Subsequently, the processor 46 (DM2) executes the
TV scan processing (D mode) on RFD1 to generates D mode
measurement data (DMD1) for RFD1. The processor 44
(BM2) executes the TV scan processing on RFB1 to generate
the B mode image data (BMD1) for RFB1, and combines the
B mode image data (BMD1) with the D mode measurement
data (DMD1). The processor 44 (BM1) executes the ultra-
sonic scan processing (B mode) on RFB2. In the same pipe-
line operation executing cycle, the processor 46 (DM2)
executes the ultrasonic scan processing (D mode) on RFD2.
[0120] Further subsequently, the processor 47 (DM2)
executes the TV scan processing (D mode) on RFD2 to gen-
erate the D mode measurement data (DMD2) for RFD2. The
processor 45 (BM2) executes the TV scan processing on
RFB1 to generate the B mode image data (BMD2) for RFB2,
and combines the B mode image data (BMD2) with the D
mode measurement data (DMD2). The processor 44 (BM1)
executes the ultrasonic scan processing (B mode) on RFB2.
In the same pipeline operation executing cycle, the processor
47 (DM3) executes the ultrasonic scan processing (D mode)
on RFD2. In the same pipeline operation executing line, the
processor 44 (BM1) shares RFB2 to the processor 45 (BM1).
[0121] Further subsequently, the pipeline processing con-
structed by four stages is repeated until B mode image data
(BMDn) for RFn (n represents a natural number) is displayed
on the display 7.

[0122] In the fifth embodiment, the data converter 4
includes plural processor units 44 to 4B, and the controller 6
assigns to at least one of the processor units 44 to 4B to
operate the ultrasonic image data of the measurement mode,
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and controls the assigned processor unit so as to perform the
conversion from the echo data to the ultrasonic image data.
[0123] Furthermore, when the ultrasonic image data of the
measurement mode is operated by using plural stages of
assigned processor units, the controller 6 may control the
assigned processors so as to execute the pipeline processing
on the plural stages of processor units.

[0124] Accordingly, in the fifthembodiment, when the con-
troller 6 makes the plural processor units 44 to 4B to advance
the data processing of the plural measurement mode in par-
allel, any processor unit which is made to perform the plural
measurement modes can be made to identify the data set of an
individual measurement mode by the controller 6.

[0125] Furthermore, the controller 6 can control an adjust-
ment between a frame measurement mode of shifting an
image on a frame basis out of the plural measurement modes
and a survey measurement mode of shifting an image on a line
basis out of the plural measurement modes.

[0126] As described above, in the fifth embodiment, the
speed of the data operation processing can be increased by
even one data converter. Furthermore, an effect inherent to the
fifth embodiment resides in that it can be easily installed into
the processor dividing processing.

Sixth Embodiment

Stop of Progression of Processing When Error is
Detected

[0127] A sixth embodiment will be described with refer-
ence to FIGS. 14 and 15. The sixth embodiment discloses an
example in which in the measurement of the B mode image,
execution of the subsequent processing after an error is
detected is stopped.

[0128] FIG. 14 is a diagram showing a processing flow in
which the pipeline of specific processing until imaging of the
B mode image is interrupted, and FIG. 15 is a time chart
showing an execution cycle of data processing of BM1 of
FIG. 14.

[0129] In the sixth embodiment, the processor 44 (BM1)
finds an error in shared data. That is, the processor 44 (BM1)
reads out error data in the data set in the first embodiment or
in the packet data in the second embodiment, and stops the
operation of subsequently connected processor, video
memory and display on the basis of the read-out error data,
and executes NOP (No Operation) program.

[0130] In the sixth embodiment, the controller 6 further
adds the data set with error data under the data transfer or the
measurement, makes the data converter 4 analyze the error
data in the data set, and controls the data converter 4 to stop
the conversion from the echo data in the data set to the ultra-
sonic image data on the basis of the analyzed error data.
[0131] Accordingly, an effect inherent to the sixth embodi-
ment resides in that the data operation of invalid data can be
stopped when error information is detected.

[0132] Furthermore, the preferred embodiments of the
ultrasonic diagnostic apparatus, etc. of this invention have
been described with reference to the accompanying drawings,
however, the present invention is not limited to these
examples. It is apparent to persons skilled in the art that
various alterations and modifications can be performed
within the scope of the technical idea disclosed in this appli-
cation, and it is understood that they belong to the technical
scope of this invention.

[0133] Furthermore, in this embodiment, the controller 6 is
provided in the processor. However, the present invention is
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not limited to this embodiment, and the controller 6 may be
provided at the outside of the processor.

DESCRIPTION OF REFERENCE NUMERALS

[0134] 1 ultrasonic probe, 3 beam forming unit, 4 data
converter, 5 setting unit, 6 controller
1. An ultrasonic diagnostic apparatus having an ultrasonic
probe for transmitting an ultrasonic beam to an examinee and
receiving a reflection echo signal from the examinee, a beam
forming unit for supplying the ultrasonic probe with a signal
for making the ultrasonic probe transmit an ultrasonic beam,
and a data converter for digitalizing the reflection echo signal
to obtain echo data, and converting the echo data to ultrasonic
image data, comprising:
asetting unit that sets measurement mode data of the ultra-
sonic image data in the echo data; and
a controller that creates a data set while appending the
measurement mode data to the echo data, transferring
the data set to the data converter, makes the data con-
verter analyze the measurement mode data in the data
set, and controls the data converter so that echo data in
the data set are converted to ultrasonic image data on the
basis of the analyzed measurement mode data.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller generates, as the data set, packet data
containing divisional data obtained by dividing the echo data
into a plurality of parts and the measurement mode data.
3. The ultrasonic diagnostic apparatus according to claim
2, wherein the controller further adds the packet data with
measurement time information at which the echo data is
obtained, and the data converter restores the echo data from
the packet data by using the measurement time information.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the data converter comprises a plurality of proces-
sor units, and the controller assigns at least one of the proces-
sor units to operate ultrasonic image data of the measurement
mode, and controls the assigned processor unit to perform
conversion from the echo data to ultrasonic image data.
5. The ultrasonic diagnostic apparatus according to claim
4, wherein when the controller operates the ultrasonic image
data of the measurement mode by using a plurality of stages
of assigned processor units, the controller controls the
assigned processor units so as to perform pipeline processing
on the plurality of stages of processor units.
6. The ultrasonic diagnostic apparatus according to claim
4, wherein when the controller makes the plurality of proces-
sor units advance a plurality of measurement modes, in order
to distribute a data set of each individual measurement mode
to any processor unit which is made to perform the plurality of
measurement modes, the controller assigns a processor unit
different from the any processor unit, and controls the pro-
cessor unit different from the any processor unit and the any
processor unit.
7. The ultrasonic diagnostic apparatus according to claim
4, wherein when the controller makes the plurality of proces-
sor units advance a plurality of measurement modes, any
processor unit which is made to perform the plurality of
measurement modes is made to identify a data set of each
individual measurement mode by the controller.
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8. The ultrasonic diagnostic apparatus according to claim
7, wherein the controller controls an adjustment between a
frame measurement mode of shifting an image on a frame
basis out of the plurality of measurement modes and a survey
measurement mode of shifting an image on a line basis out of
the plurality of measurement modes.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller further adds the data set with error
data under data transfer or measurement, makes the data
converter analyze the error data in the data set, and controls
the data converter to stop the conversion from the echo data in
the data set to the ultrasonic image data on the basis of the
analyzed error data.

10. A data processing method for an ultrasonic diagnostic
apparatus for transmitting an ultrasonic beam to an examinee
and receiving a reflection echo signal from the examinee by
an ultrasonic probe, supplying the ultrasonic probe with a
signal for making the ultrasonic probe transmit an ultrasonic
beam by a beam forming unit, and digitalizing the reflection
echo signal to-obtain echo data and converting the echo data
to ultrasonic image data by a data converter, further compris-
ing:

setting measurement mode data of the ultrasonic image

data in the echo data by a setting unit; and

generating a data set while appending the measurement

mode data and the echo data, transferring the data set to
the data converter, making the data converter analyze
measurement mode data in the data set, and controlling
the data converter so as to convert echo data in the data
set to ultrasonic image data on the basis of the analyzed
measurement mode data by a controller.

11. The data processing method for the ultrasonic diagnos-
tic apparatus according to claim 8, wherein the controller
generates, as the data set, packet data containing divisional
data obtained by dividing the echo data into a plurality of
parts and the measurement mode data.

12. The data processing method for the ultrasonic diagnos-
tic apparatus according to claim 11, wherein the controller
further adds the packet data with measurement time informa-
tion at which the echo data is obtained, and the data converter
restores the echo data from the packet data by using the
measurement time information.

13. The data processing method for the ultrasonic diagnos-
tic apparatus according to claim 10, wherein the data con-
verter comprises a plurality of processor units, and the con-
troller assigns at least one of the processor units to operate
ultrasonic image data of the measurement mode, and controls
the assigned processor unit to perform conversion from the
echo data to ultrasonic image data.

14. The data processing method for the ultrasonic diagnos-
tic apparatus according to claim 11, wherein the controller
further adds the data set with error data under data transfer or
measurement, makes the data converter analyze the error data
in the data set, and controls the data converter to stop the
conversion from the echo data in the data set to the ultrasonic
image data on the basis of the analyzed error data.

* sk * sk *



patsnap

TREMOF) HEERCMRER A RIELESE
[F(RE)E US20110166454A1 K (aH)A 2011-07-07
BRiES US13/062836 % A 2009-08-20

FRIRB(RFR)AGE) BHAEE
RF(EFR)AGE) BHAEEZ

HAREEFIROAGE) BAEE

[#R1 &% BB A FUJII NOBUHIKO
KA FUJII, NOBUHIKO
IPCHEF A61B8/14
CPCH¥%k= A61B8/14 A61B8/52 A61B8/5238 A61B8/5207 G01S15/8906 H04L67/12 H04L69/324 GO01S7/52034

GO06F19/321
k51X 2008230428 2008-09-09 JP
SNEBEEE Espacenet USPTO
BE(F) P W 1 O B
—fMEEROWRE  EEBRFREL , ATHBEFERRREEZRE 9 ”j;
HEBUREZRENRSFERES , BRREKET , BTRESRESL mﬁfw - E e
REATERFRELEAFBFERRNES , URKEKR:SE , ATH 7 pre
FIRSERESUREERBIE | HERSERRNESEGHK Y o~ A e
B ZBEFESHESEREEREETHBASRGHEBENNEBERM || oo |e

6

ENREBET  URRNEENEHEH MBS GENE Y | ST m
B REEENIRERRE | FRRRRES RSN BE m—

REIE | AEHBERRE  GREERNE RSB BERET ST e A
2 W7 B0 T BB A X MR 1 PR 1R R coRmtsPoNDING Y

£§\1 MEMORY 18 vioeo memory
Al

DISPLAY UNIT



https://share-analytics.zhihuiya.com/view/06c3d94d-9a27-4252-9002-f360ae4864c5
https://worldwide.espacenet.com/patent/search/family/042005097/publication/US2011166454A1?q=US2011166454A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110166454%22.PGNR.&OS=DN/20110166454&RS=DN/20110166454

