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ULTRASONIC DIAGNOSTIC APPARATUS
AND DATA ANALYSIS AND MEASUREMENT
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus for imaging organs and so on within a living
body by transmitting and receiving ultrasonic waves so as to
generate ultrasonic images to be used for diagnoses. Further,
the present invention relates to a data analysis and measure-
ment apparatus for performing analysis of data obtained by
such an ultrasonic diagnostic apparatus and/or measurement
based on the data.

[0003] 2. Description of a Related Art

[0004] In an ultrasonic diagnostic apparatus to be used for
medical purposes, an ultrasonic probe including plural ultra-
sonic transducers having functions of transmitting and
receiving ultrasonic waves is typically used. An object to be
inspected is scanned with an ultrasonic beam formed by
synthesizing plural ultrasonic waves and ultrasonic echoes
reflected within the object are received by using the ultra-
sonic probe, and thereby, image information on tissues of the
object is obtained based on the intensity of the ultrasonic
echoes.

[0005] As a related technology, Japanese Patent Applica-
tion Publication JP-A-6-30930 discloses an ultrasonic diag-
nostic apparatus in which image quality is not deteriorated
even when an image is enlarged at the time of cine-memory
reproduction. The ultrasonic diagnostic apparatus includes
an A/D converter that operates on a sampling clock at a
faster rate than a sample rate for obtaining data necessary for
normal image display, a cine-memory for storing a necessary
amount of data for image enlargement, a data thinning
circuit for thinning data according to an image enlargement
factor, and a controller for outputting the sampling clock,
outputting a cine-memory control signal to the cine-
memoty, outputting a thinning control signal to the thinning
circuit, and outputting a DSC control signal to a DSC so as
to display enlarged images.

[0006] Further, Japanese Patent Application Publication
JP-P2001-299745A discloses an ultrasonic diagnostic appa-
ratus in which scaling of monochrome images, Doppler
sample point depth shift, CFMBOX depth shift, and various
image processing setting parameters can be varied even after
freeze by directly storing in a cine-memory circuit an RF
signal obtained based on phase-shifted detection signals
from an ultrasonic receiving unit. According to the ultra-
sonic diagnostic apparatus, since various parameters can be
varied even after freeze, reimaging is reduced and the
operability is improved.

[0007] However, JP-A-6-30930 and JP-P2001-299745A
never specifically disclose an ultrasonic diagnostic appara-
tus for performing data analysis or measurement by using
ultrasonic diagnostic image data stored in a memory.
[0008] Furthermore, Japanese Patent Application Publica-
tion JP-P2005-118314A discloses an ultrasonic diagnostic
apparatus capable of measuring an intima-media thickness
(IMT) value of a carotid artery with high accuracy. The
ultrasonic diagnostic apparatus includes an ultrasonic probe
for transmitting ultrasonic waves into a body of an exam-
inee, receiving ultrasonic waves reflected within the body,
and converting the ultrasonic waves into a high-frequency
electric signal, A/D converting means for converting the
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high-frequency electric signal into high-frequency digital
data, high-frequency digital data storing means for storing
the high-frequency digital data, image data converting
means for converting the high-frequency digital data into
digital data for image display, image display means for
displaying an image based on the data for image display, and
data analysis means for acquiring the high-frequency digital
data from the high-frequency digital data storing means and
performing predetermined analysis thereon.

[0009] According to the ultrasonic diagnostic apparatus,
since the processing suitable for IMT value measurement is
performed on the high-frequency digital data from which
information has not been eliminated by logarithmic com-
pression or the like, the respective data analyses may be
correctly performed for any purpose. Further, a configura-
tion provided with a cine-data memory for storing image
data for display converted in the image data converting
means in addition to the high-frequency data cine-memory
is also proposed. In this case, the data for image display is
loaded from the cine-data memory when a past image is
displayed on a monitor, and data stored in the high-fre-
quency data cine-memory is loaded and converted into
image data for measurement when data analysis such as IMT
value calculation or the like is performed.

[0010] However, in JP-P2005-118314A, the data for
image display loaded from the cine-data memory in the
moving image observation function is data after image
processing has been performed thereon, and therefore, suf-
ficient scaling factors or signal processing parameters for
identifying the part for measurement cannot be set.

SUMMARY OF THE INVENTION

[0011] The present invention has been achieved in view of
the above-mentioned circumstances. A purpose of the
present invention is to provide an ultrasonic diagnostic
apparatus having a reproducing function at the same high
frame rate as that at the time of ultrasonic imaging and
capable of analysis or measurement with high accuracy in
moving picture observation by reproduction. A further pur-
pose of the present invention is to provide a data analysis
and measurement apparatus for performing analysis of data
obtained by such an ultrasonic diagnostic apparatus and/or
measurement based on the data.

[0012] In order to accomplish the above-mentioned pur-
poses, an ultrasonic diagnostic apparatus according to one
aspect of the present invention includes: an ultrasonic probe
including plural ultrasonic transducers for transmitting ultra-
sonic waves to an object to be inspected according to drive
signals and receiving ultrasonic echoes reflected from the
object to output detection signals; a transmitting and receiv-
ing unit for supplying the drive signals to the ultrasonic
probe, generating RF signals based on the detection signals,
and A/D-converting the RF signals to generate RF data; a
cine-memory for storing the RF data generated by the
transmitting and receiving unit with information on frame
rate; a cine-memory reproducing unit for generating address
information of the RF data in synchronization with a clock
signal having a frequency controlled based on the informa-
tion on frame rate stored in the cine-memory when the RF
data is loaded from the cine-memory; a data analyzing and
measuring unit for performing analysis and/or measurement
on a selected region of interest based on the RF data
generated by the transmitting and receiving unit or the RF
data loaded from the cine-memory; an image signal genet-
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ating unit for generating an image signal based on the RF
data generated by the transmitting and receiving unit or the
RF data loaded from the cine-memory; and a display unit for
displaying an ultrasonic image based on the image signal
generated by the image signal generating unit.

[0013] Further, a data analysis and measurement apparatus
according to one aspect of the present invention is an
apparatus connected via a network to an ultrasonic diagnos-
tic apparatus according to the present invention and a data
accumulation apparatus for accumulating compressed RF
data with the information on frame rate, and the data
analysis and measurement apparatus includes: a communi-
cation unit for receiving the compressed RF data with the
information on frame rate from the data accumulation appa-
ratus via a network; a data decompressing unit for decom-
pressing the compressed RF data received by the commu-
nication unit; a cine-memory for storing the RF data
decompressed by the data decompressing unit with the
information on frame rate; a cine-memory reproducing unit
for generating address information of the RF data in syn-
chronization with a clock signal having a frequency con-
trolled based on the information on frame rate stored in the
cine-memory when the RF data is loaded from the cine-
memory; a data analyzing and measuring unit for perform-
ing analysis and/or measurement on a selected region of
interest based on the RF data loaded from the cine-memory;
an image signal generating unit for generating an image
signal based on the RF data loaded from the cine-memory;
and a display unit for displaying an ultrasonic image based
on the image signal generated by the image signal generat-
ing unit.

[0014] According to the present invention, moving images
at the equally high frame rate to that at the time of ultrasonic
imaging can be reproduced even after ultrasonic imaging by
storing the RF data in the cine-memory, and therefore, ROI
(region of interest) can be identified and analysis and/or
measurement can be performed with high accuracy in mov-
ing image observation by cine-memory reproduction. Fur-
ther, by compressing the RF data and accumulating the RF
data in the data accumulation apparatus, the RF data can be
centrally managed with examination information on the
network, and the storage capacity of the ultrasonic diagnos-
tic apparatus can be reduced to suppress the cost. In the case
where the analysis and/or measurement is performed by
using the RF data accumulated in the data accumulation
apparatus, the data analysis and measurement apparatus
without ultrasonic transmitting and receiving functions can
be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to the first
embodiment of the present invention;

[0016] FIGS. 2A and 2B show examples of button
arrangement in a console of an input unit;

[0017] FIG. 3 is a block diagram showing a configuration
of a cine-memory reproducing unit;

[0018] FIGS. 4A and 4B show examples of a screen
displayed on a touch panel in a cine-memory reproduction
mode;

[0019] FIG. 5 is a block diagram showing a configuration
of an ultrasonic diagnostic system including an ultrasonic
diagnostic apparatus according to the second embodiment of
the present invention;
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[0020] FIG. 6 is a block diagram showing a configuration
of an RF data compressing unit included in the ultrasonic
diagnostic apparatus shown in FIG. 5;

[0021] FIG. 7 is a block diagram showing a configuration
of a data analysis and measurement apparatus included in
the ultrasonic diagnostic system shown in FIG. 5;

[0022] FIG. 8 is a flowchart showing an operation in an
online diagnostic mode of the ultrasonic diagnostic system;
and

[0023] FIG. 9 is a flowchart showing an operation in an
offline diagnostic mode of the ultrasonic diagnostic system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
drawings. The same reference numbers are assigned to the
same component elements and the description thereof will
be omitted.

[0025] FIG. 1is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus according to the first
embodiment of the present invention. The ultrasonic diag-
nostic apparatus 1 includes an ultrasonic probe 10, a trans-
mitting and receiving unit 20, a reproducing unit 30, a data
analyzing and measuring unit 40, an image signal generating
unit 50, a display unit 60, an input unit 70, a CPU 80, and
a storage unit 81.

[0026] The ultrasonic probe 10 for use in contact with an
object to be inspected includes plural ultrasonic transducers
104 that form a one-dimensional or two-dimensional trans-
ducer array. These ultrasonic transducers 10a transmit ultra-
sonic beams to the object based on applied drive signals, and
receive ultrasonic echoes reflected from the object to output
detection signals.

[0027] Each ultrasonic transducer is configured of a vibra-
tor in which electrodes are formed on both ends of a material
having a piezoelectric property (piezoelectric material) such
as a piezoelectric ceramic represented by PZT (Pb (lead)
zirconate titanate), a polymeric piezoelectric element repre-
sented by PVDF (polyvinylidene difluoride), or the like.
When a voltage is applied to the electrodes of the vibrator by
transmitting pulse or continuous wave electric signals, the
piezoelectric material expands and contracts. By the expan-
sion and contraction, pulse or continuous wave ultrasonic
waves are generated from the respective vibrators, and an
ultrasonic beam is formed by synthesizing these ultrasonic
waves. Further, the respective vibrators expand and contract
by receiving propagating ultrasonic waves and generate
electric signals. These electric signals are outputted as
detection signals of ultrasonic waves.

[0028] Alternatively, as the ultrasonic transducers, plural
kinds of elements of different ultrasonic conversion types
may be used. For example, the above-mentioned vibrators
are used as elements for transmitting ultrasonic waves and
photo-detection type ultrasonic transducers are used as ele-
ments for receiving ultrasonic waves. The photo-detection
type ultrasonic transducer is for detecting ultrasonic waves
by converting ultrasonic signals into optical signals, and
configured of a Fabry-Perot resonator or fiber Bragg grating,
for example.

[0029] The storage unit 81 is configured of a hard disk or
memory, and stores software (program) for allowing the
CPU 80 to execute the control of the respective parts of the
ultrasonic diagnostic apparatus 1. Therefore, the CPU 80
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and the software correspond to a control unit of the ultra-
sonic diagnostic apparatus 1. The control unit has a scanning
control function for sequentially setting the transmission
directions of ultrasonic beams and reception directions of
ultrasonic echoes, a transmission control function for select-
ing a transmission delay pattern according to the set trans-
mission direction, and a reception control function for
selecting a reception delay pattern according to the set
transmission direction.

[0030] Here, the transmission delay pattern refers to pat-
tern data of delay time to be provided to the drive signals so
as to form an ultrasonic beam in a desired direction with the
ultrasonic waves transmitted by the plural ultrasonic trans-
ducers 10a, and the reception delay pattern refers to pattern
data of delay time to be provided to the detection signals so
as to extract ultrasonic echoes from the desired direction
with the ultrasonic waves received by the plural ultrasonic
transducers 10a. Plural transmission delay patterns and
reception delay patterns are stored in the storing means such
as a memory or the like.

[0031] The transmitting and receiving unit 20 includes a
transmission circuit 21, a reception circuit 22, and an A/D
converter 23. Further, the reproducing unit 30 includes a
cine-memory 31 and a cine-memory reproducing unit 32.
Furthermore, the image signal generating unit 50 includes a
signal processing part 51, a DSC (Digital Scan Converter)
52, an image processing part 53, an image memory 54, and
a D/A converter 55.

[0032] The transmission circuit 21 generates drive signals
to be respectively applied to the plural ultrasonic transducers
10a, and is able to provide respective delay times to the drive
signals based on the transmission delay pattern selected by
the CPU 80. The transmission circuit 21 may adjust the
delay amounts of the drive signals and supply the drive
signals to the ultrasonic probe 10 such that the ultrasonic
waves transmitted from the plural ultrasonic transducers 10a
form an ultrasonic beam, or may supply drive signals to the
ultrasonic probe 10 such that the ultrasonic waves transmit-
ted at once from the plural ultrasonic transducers 10a reach
the entire imaging region of the object.

[0033] The reception circuit 22 amplifies the detection
signals respectively outputted from the plural ultrasonic
transducers 10a, and provides respective delay times to the
detection signals based on the reception delay pattern
selected by the CPU 80 and adding those detection signals
one another to perform reception focus processing. Due to
the reception focus processing, sound ray signals (hereinaf-
ter, also referred to as “RF signals”) are formed, in which the
focal point of the ultrasonic echoes is narrowed. The A/D
converter 23 converts the analog RF signals into digital RF
signals (hereinafter, also referred to as “RF data”).

[0034] The RF data outputted from the A/D converter 23
is inputted to the cine-memory 31 and the signal processing
part 51. The cine-memory 31 sequentially stores the RF data
inputted from the A/D converter 23. Further, the cine-
memory 31 inputs parameters such as depths of reflection
positions of ultrasonic waves, density of scan lines, and
viewing width as information on frame rate from the CPU 80
and stores it in association with the RF data.

[0035] The signal processing part 51 corrects attenuation
owing to distance on the RF data according to the depths of
the reflection positions of ultrasonic waves in STC (Sensi-
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tivity Time gain Control), and then, performs envelope
detection processing thereon to generate B-mode image
data.

[0036] In the above-mentioned example, the detection
signals subjected to reception focus processing in the recep-
tion circuit 22 are used as RF signals, however, detection
signals that have not been subjected to reception focus
processing may be used as RF signals. In this case, detection
signals respectively outputted from the plural ultrasonic
transducers 10a are amplified in the reception circuit 22, the
amplified detection signals, i.e., the RF signals are A/D-
converted by the A/D converter 23 to generate RF data. The
RF data is supplied to the signal processing part 51 and
stored in the cine-memory 31. The reception focus process-
ing is digitally performed in the signal processing part 51.
[0037] Thus, in the cine-memory reproduction mode,
observation of moving images focused on a position differ-
ent from that in the live mode can be made. However, in the
case where the detection signals that have not been subjected
to reception focus processing are used as RF signals, since
the amount of data increases, in order to prevent the rise in
costs, it is desirable to adopt an imaging method such as an
aperture synthesis method of performing wavefront synthe-
sis by which spatial information can be acquired at the
smaller number of transmission times.

[0038] In the case where the aperture synthesis method is
adopted, the transmission circuit 21 supplies drive signals to
the ultrasonic probe 10 such that ultrasonic waves transmit-
ted from the plural ultrasonic transducers 10a at once can
reach the entire imaging region of the object. Further, in the
transmitting and receiving unit 20, detection signals
obtained by the plural ultrasonic transducers 10a receiving
ultrasonic waves at plural different times are amplified by
the reception circuit 22, and the amplified detection signals
are sequentially A/D converted in the A/D converter 23 to
generate time-series RF data. The RF data is supplied to the
signal processing part 51 and stored in the cine-memory 31.
[0039] Further, in the image signal generating unit 50, the
time-series RF data is once stored in a memory for aperture
synthesis. Furthermore, one suitable set of time-series data
is selected according to the positions of the plural ultrasonic
transducers 10a from the time-series RF data stored in the
memory for aperture synthesis, values of the respective
time-series data are added to perform wavefront synthesis,
and thereby, sound ray data in which a focal point is formed
on one point within the imaging region is obtained. The
same processing is performed on the respective points
within the imaging region.

[0040] Since the B-mode image data generated by the
signal processing part 51 is obtained by the scan system
different from the normal scan system for television signals,
the DSC 52 converts (raster-converts) the data into normal
image data. The image processing part 53 performs various
kinds of necessary image processing such as gradation
processing on the image data inputted from the DSC 52.
[0041] The image memory 54 stores image data inputted
from the image processing part 53. The D/A converter 55
converts the image data loaded from the image memory 54
into analog image signals and outputs the signals to the
display unit 60. Thereby, in the display unit 60, ultrasonic
diagnostic images imaged by the ultrasonic probe 10 are
displayed.

[0042] The input unit 70 includes a console 71 to be used
by a user to operate the ultrasonic diagnostic apparatus 1,
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and a touch panel 72 as user interface means to be used to
display an operation screen and input instructions when
reproduction of the RF data stored in the cine-memory 31 is
performed (cine-memory reproduction). As the user inter-
face means, the display unit 60 for displaying an ultrasonic
diagnostic image and input means such as a mouse may be
used other than the touch panel 72.

[0043] FIG. 2A shows one example of button arrangement
in the console of the input unit. In the embodiment, the
console 71 is provided with a freeze button 710 for instruct-
ing the switching between the live reproduction function and
the freeze function, a cine-reproduction button 711 for
instructing cine-memory reproduction, and a measurement
button 712 for instructing analysis and/or measurement
using the RF data. By pushing down the freeze button 710,
cine-reproduction button 711, and measurement button 712,
their instructions are notified to the CPU 80. F1G. 2B shows
another example of the button arrangement in the console of
the input unit, and this will be described later.

[0044] In the case where an ultrasonic diagnostic image is
displayed by performing cine-memory reproduction, it is
necessary to load the RF data stored in the cine-memory 31
at an appropriate frame rate determined by parameters such
as the depth of reflection position of ultrasonic wave, the
density of scan lines, and viewing width. In the embodiment,
the frame rate information to be used for determining the
frame rate at the time of reproduction is stored in the
cine-memory 31 with the RF data.

[0045] The CPU 80 outputs a control signal for controlling
the frequency of a reproduction clock signal to the cine-
memory reproducing unit 32 based on the frame rate infor-
mation loaded from the cine-memory 31. The cine-memory
reproducing unit 32 generates the reproduction clock signal
having the frequency according to the control signal inputted
from the CPU 80. Thus, based on the frame rate information,
the frequency of the reproduction clock signal, and further,
the frame rate at the time of reproduction are determined.
The cine-memory reproducing unit 32 generates address
information of the RF data to be loaded from the cine-
memory 31 in synchronization with the reproduction clock
signal and outputs the address information to the cine-
memory 31.

[0046] FIG. 3 is a block diagram showing a configuration
of the cine-memory reproducing unit. The cine-memory
reproducing unit 32 includes a reproduction clock signal
generating part 321, a start address register 322, an end
address register 323, an address counter 324, and a com-
parator 325. The start address register 322 inputs the start
address of the RF data from the CPU 80 and stores it. The
end address register 323 inputs the end address of the RF
data from the CPU 80 and stores it.

[0047] Inthe case where the ultrasonic diagnostic image is
displayed by performing cine-memory reproduction, the
reproduction clock signal generating part 321 inputs the
control signal generated by the CPU 80 based on the frame
rate information, generates the reproduction clock signal
having the frequency adapted to the frame rate of the RF
data to be loaded according to the control signal, and
supplies the reproduction clock signal to the address counter
324.

[0048] The address counter 324 has a counter function of
inputting the start address from the start address register 322
and incrementing the start address in synchronization with
the reproduction clock signal. The address obtained by the
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address counter 324 is sequentially inputted to the cine-
memory 31 and the comparator 325. In the cine-memory
reproduction, the RF data loaded from the cine-memory 31
is supplied to the image signal generating unit 50, and an
image signal is generated.

[0049] The comparator 325 compares the address inputted
from the address counter 324 and the end address inputted
from the end address register 323 to detect the end of the
cine-memory reproduction, and outputs the detection result
to the CPU 80 and the reproduction clock signal generating
part 321. When the end of the cine-memory reproduction is
detected, the reproduction clock signal generating part 321
stops the generation of the reproduction clock signal.
[0050] Referring to FIG. 1 again, the data analyzing and
measuring unit 40 has a function of performing analysis
and/or measurement designated by the user of the ultrasonic
diagnostic apparatus 1. In the embodiment, the data analyz-
ing and measuring unit 40 is able to perform tissue part
distortion analysis (hardness diagnosis), bloodstream mea-
surement, tissue part motion measurement, or IMT (Intima-
Media Thickness) value measurement. When the user
pushes down the measurement button 712 of the console 71,
the data analyzing and measuring unit 40 performs desired
analysis and/or measurement based on the RF data inputted
from the A/D converter 23 or the cine-memory 31. The
analysis result and/or measurement result is outputted to the
DSC 52 of the image signal generating unit 50, and inserted
to the ultrasonic tomographic image by the DSC 52.
[0051] The CPU 80 controls the respective functional
blocks according to the operation mode of the ultrasonic
diagnostic apparatus 1. For example, when the user pushed
down the freeze button 710 of the console 71, the CPU 80
controls the transmitting and receiving unit to switch
between the live state and the freeze state. Further, the data
analyzing and measuring unit 40, signal processing part 51,
DSC 52, and image processing part 53 may be configured of
the CPU 80 and software (program).

[0052] Here, the operation of the ultrasonic diagnostic
apparatus 1 in the live mode will be explained with reference
to FIGS. 1 and 2.

[0053] The live mode refers to a mode in which display
and analysis and/or measurement of ultrasonic images is
performed based on RF data obtained by bringing the
ultrasonic probe in contact with the object and transmitting
and receiving ultrasonic waves. In the live mode, the digital
RF signal outputted from the A/D converter 23 is processed
in the signal processing part 51 and B-mode image data is
generated. Simultaneously, the cine-memory 31 sequentially
stores the RF data inputted from the A/D converter 23.
[0054] The DSC 52 converts the B-mode image data into
image data for normal scan system. The image processing
part 53 performs various kinds of image processing such as
gradation processing on the image data inputted from the
DSC 52. The image memory 54 stores the image data
converted by the DSC 52. The D/A converter 55 converts the
image data loaded form the image memory 54 into an analog
image signal and outputs it to the display unit 60. Thereby,
in the display unit 60, the ultrasonic diagnostic image
imaged by the ultrasonic probe 10 is displayed.

[0055] The user is able to acquire a desired still image by
pushing down the freeze button 710 when observing the
moving images in the live mode, and specify the ROI.
Further, the user is able to allow the data analyzing and
measuring unit 40 to perform desired analysis and/or mea-
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surement based on the RF data that has not been subjected
to image processing by pushing down the measurement
button 712.

[0056] Next, the operation of the ultrasonic diagnostic
apparatus 1 in the cine-memory reproduction mode will be
explained with reference to FIGS. 1-4B.

[0057] The cine-memory reproduction mode refers to a
mode in which display and analysis and/or measurement of
ultrasonic images is performed based on RF data stored in
the cine-memory 31. In the cine-memory reproduction
mode, imaging of the object is not necessary. When the user
pushes down the cine-memory reproduction button 711, a
screen shown in FIG. 4A is displayed on the touch panel 72.
[0058] FIG. 4A shows an example of the screen displayed
on the touch panel in the cine-memory reproduction mode.
When the reproduction time of RF data stored in the
cine-memory 31 is very long, it is desirable that the user can
reproduce only the desired time zone. On the screen of the
touch panel shown in FIG. 4A, reproduction in the desired
time zone can be designated by a start pointer 721 and an end
pointer 722 on a reproduction bar 724. The start pointer 721
and the end pointer 722 are horizontally slidable on the
reproduction bar 724, and therefore, the start pointer 721 and
the end pointer 722 can be designated as shown in FIG. 4B,
for example. In FIGS. 4A and 4B, a reproduction pointer 723
indicates the point that is currently reproduced, and moves
from left to right on the reproduction bar 724 in real time.
[0059] After the user designates the start pointer 721 and
the end pointer 722, by pushing down an execution button
725 on the touch panel 72, the RF data in the designated
region is loaded from the cine-memory 31 and reproduction
of the ultrasonic tomographic image (cine-memory repro-
duction) is performed on the loaded RF data.

[0060] When the user pushes down the execution button
725 on the touch panel 72, the CPU 80 stores as the start
address the address of the RF data corresponding to the start
pointer 721 in the start address register 322 of the cine-
memory reproducing unit 32. Similarly, the CPU 80 stores
as the end address the address of the RF data corresponding
to the end pointer 722 in the end address register 323 of the
cine-memory reproducing unit 32.

[0061] Further, the CPU 80 generates the control signal
based on the frame rate information loaded from the cine-
memory 31 and outputs the control signal to the reproduc-
tion clock signal generating part 321 of the cine-memory
reproducing unit 32. The reproduction clock signal gener-
ating part 321 generates a reproduction clock signal having
a frequency according to the inputted control signal and
supplies it to the address counter 324.

[0062] The address counter 324 starts operation when
supplied with the reproduction clock signal from the repro-
duction clock signal generating part 321, and acquires the
start address from the start address register 322. The address
counter 324 increments the count value in synchronization
with the clock signal by using the start address as the initial
value of the count value. The count value obtained by the
address counter 324 is outputted to the cine-memory 31 and
the comparator 325 as address information.

[0063] When the address information is inputted from the
address counter 324 to the cine-memory 31, the RF data
corresponding to the address information stored in the
cine-memory 31 is loaded and outputted to the signal
processing part 51. Here, since the generation of the address
information is performed in synchronization with the repro-

Oct. 4, 2007

duction clock signal generated in the reproduction clock
signal generating part 321, the loading of the RF data from
the cine-memory 31 is performed at the same frame rate as
that in the live mode. That is, in the cine-memory repro-
duction mode, reproduction of the ultrasonic diagnostic
image is performed at the same frame rate as that in the live
mode.

[0064] In the cine-memory reproduction mode, on the
touch panel 72, the reproduction pointer 723 moves from the
position of the designated start pointer 721 to the position of
the designated end pointer 722. Alternatively, the user is able
to stop the cine-memory reproduction by pushing down a
stop button 726 on the touch panel 72 during the cine-
memory reproduction. Thus, desired analysis and/or mea-
surement can be performed by pushing down the stop button
726 to acquire a desired still image and identify ROIL
[0065] In the case where analysis and/or measurement
using RF data is performed, the user operates the input unit
70 to designate desired analysis and/or measurement, and
then, pushes down the measurement button 712 of the input
unit 70. The CPU 80 receives the signal from the input unit
70 and instructs the designated analysis and/or measurement
to the data analyzing and measuring unit 40. The data
analyzing and measuring unit 40 performs the designated
data analysis and/or measurement based on the RF data
loaded from the cine-memory 31. The data analysis result
and/or measurement result obtained in the data analyzing
and measuring unit 40 is outputted to the display unit 60 via
the DSC 52 and so on, and displayed on the display unit 60.
[0066] The comparator 325 compares the end address
stored in the end address register 323 and the address
inputted from the address counter 324. When the comparator
325 detects that the address information inputted from the
address counter 324 reaches the end address, it notifies the
CPU 80 and the reproduction clock signal generating part
321 of the detection result.

[0067] Thereby, when the reproduction pointer 723 moves
to the end pointer 722 on the touch panel 72, the CPU 80
ends the cine-memory reproduction. Here, cine-loop repro-
duction for continuously loop-reproducing the ultrasonic
diagnostic image may be performed by the CPU 80 setting
the start address in the start address register 322 again.
[0068] Generally, in hardness diagnosis, moving image
observation is important to recognize a lesion part. For
example, when a hardened tissue part is diagnosed in the
beat of a heart or the like, the hardened tissue part is slower
in motion than other normal tissue parts. In this case, moving
image observation as that in the live is effective for diag-
nosis.

[0069] In the embodiment, since the moving image repro-
duction at the same frame rate as that in the live mode can
be realized in the cine-memory reproduction, the same
moving image observation as that in the live mode can be
performed even when the object is not present. Further, since
the cine-memory reproduction is performed by using RF
data that has not been subjected to image processing, desired
data analysis and/or measurement can be performed by
identifying ROI while changing parameters such as the
scaling factor, gain, contrast, and STC during the cine-
memory reproduction. Here, since the timing with which the
ultrasonic probe 10 transmits or receives ultrasonic waves
differs according to the depth of the diagnostic location
(reflection positions of the ultrasonic waves), the scan sys-
tem of the ultrasonic probe 10, or the like, the motion of the
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object can be faithfully reproduced by reproducing the RF
data stored in the cine-memory 31 at an appropriate frame
rate.

[0070] Next, the second embodiment of the present inven-
tion will be explained.

[0071] FIG. 5 is a block diagram showing a configuration
of an ultrasonic diagnostic system including an ultrasonic
diagnostic apparatus according to the second embodiment of
the present invention. The ultrasonic diagnostic apparatus
according to the second embodiment has an RF data com-
pressing unit 90 and a communication unit 100 in addition
to the configuration of the ultrasonic diagnostic apparatus
according to the first embodiment shown in FIG. 1. The
communication unit 100 is connected to a data analysis and
measurement apparatus 3 and a data accumulation apparatus
4 via a network 5, and makes communication between these
apparatuses and itself.

[0072] The data accumulation apparatus 4 manages
patient information such as patient ID and examination
information such as examination ID, and an HDD (Hard
Disc Drive), a file server, or the like may be used as the data
accumulation apparatus 4. As the network 5, for example,
LAN (Local Area Network) such as Ethernet (registered
trade mark), WAN (Wide Area Network), Internet, or wire-
less LAN for transmitting and receiving data with wireless
communication may be used.

[0073] In FIG. 5, the RF data outputted from the A/D
converter 23 or the cine-memory 31 is inputted to the RF
data compressing unit 90. The RF data compressing unit 90
performs data compression processing on the RF data. The
RF data that has subjected to the compression processing by
the RF data compressing unit 90 and the frame rate infor-
mation outputted from the CPU 80 are transmitted from the
communication unit 100 via the network 5 to the data
accumulation apparatus 4. The data accumulation apparatus
4 accumulates the received RF data and frame rate infor-
mation.

[0074] The RF data inputted to the RF data compressing
unit 90 may be data obtained by A/D-converting RF signals
generated by amplifying detection signals respectively out-
putted from the plural ultrasonic transducers 10a and adjust-
ing the delay amounts of the detection signals and adding
them one another, or may be data obtained by A/D-convert-
ing RF signals generated by amplifying detection signals
respectively outputted from the plural ultrasonic transducers
10a.

[0075] FIG. 6 is a block diagram showing a configuration
of the RF data compressing unit included in the ultrasonic
diagnostic apparatus shown in FIG. 5. The RF data com-
pressing unit 90 includes D-flip-flops FF1 and FF2, a
difference coding processing circuit 901, and a compression
arithmetic circuit 902. In the embodiment, RF data is 16-bit
data.

[0076] RF data is inputted to the input terminal D of the
flip-flop FF1. The output signal Q1 of the flip-flop FF1 is
inputted to the data input terminal D of the flip-flop FF2.
Further, the output signal Q1 of the flip-flop FF1 and the
output signal Q2 of the flip-flop FF2 are inputted to the
difference coding processing circuit 901 and difference
coding processing is performed thereon. The data outputted
from the difference coding processing circuit 901 is inputted
to the compression arithmetic circuit 902, data compression
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is performed thereon in the compression arithmetic circuit
902, and then, the compressed data is outputted to the
communication unit 100.

[0077] Further, sampling clock signals having a frequency
four to eight times the frequency of the ultrasonic waves (the
frequency of the drive signals or detection signals) are
inputted to clock signal input terminals CLK of'the flip-flops
FF1 and FF2. The frequency of the sampling clock signals
is determined according to the design condition because it
has influence on the difference coding of the RF data.

[0078] Furthermore, transmission timing pulses are input-
ted to reset terminals R of the flip-flops FF1 and FF2. When
data transmission is not performed, the transmission timing
pulses are set to reset the flip-flops FF1 and FF2. On the
other hand, when data transmission is performed, the trans-
mission timing pulses are set to operate the flip-flops FF1
and FF2, and output data Q1 and Q2 of the flip-flops FF1 and
FF2 are outputted to the difference coding processing circuit
901. The difference coding processing circuit 901 performs
difference coding processing by using the output data Q1
and Q2 of the flip-flops FF1 and FF2.

[0079] Inthe difference coding processing, data on the Nth
sampling point and data on the (N-1)th sampling point are
extracted by using the D-flip-flop and a difference is
obtained by subtracting one from the other, and thereby,
statistical deviation is caused in the data to make the value
of data smaller.

[0080] For example, the compression arithmetic circuit
902 calculates a run length and performs Huffman coding
processing on the data that has been subjected to difference
coding processing, and thereby, compresses the data. Alter-
natively, the compressed data may be formed by shortening
the bit lengths of the data that has been subjected to
difference coding processing and packing the plural data in
the compression arithmetic circuit 902.

[0081] In the ultrasonic diagnostic system, the mode, in
which diagnoses are made by acquiring ultrasonic images by
using the ultrasonic diagnostic apparatus 2 connected to the
data analysis and measurement apparatus 3 via the network
5, is referred to as “online diagnostic mode”. On the other
hand, the mode, in which diagnoses are made by using the
data analysis and measurement apparatus 3 under a condi-
tion that the ultrasonic diagnostic apparatus 2 is not con-
nected to the network 5 or power of the ultrasonic diagnostic
apparatus 2 is not on, is referred to as “offline diagnostic
mode”.

[0082] FIG. 7 is a block diagram showing a configuration
of the data analysis and measurement apparatus included in
the ultrasonic diagnostic system shown in FIG. 5. The data
analysis and measurement apparatus 3 includes a reproduc-
ing unit 30, a data analyzing and measuring unit 40, an
image signal generating unit 50, a display unit 60, an input
unit 70, a CPU 80, a storage unit §1, a communication unit
100, and an RF data decompressing unit 110. The data
analysis and measurement apparatus 3 may be configured by
employing a workstation for image processing or personal
computer.

[0083] The communication unit 100 receives the com-
pressed RF data with the frame rate information from the
data accumulation apparatus 4 via the network, outputs the
compressed RF data to the RF data decompressing unit 110,
and outputs the frame rate information to the cine-memory
31
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[0084] The RF data decompressing unit 110 performs data
decompression processing, which is opposite to the data
compression processing in the RF data compressing unit 90
of the ultrasonic diagnostic apparatus 2, on the compressed
RF data inputted from the communication unit 100. The RF
data that has been subjected to data decompression process-
ing is outputted to the cine-memory 31, and stored with the
frame rate information in the cine-memory 31. Cine-
memory reproduction can be performed based on the RF
data and frame rate information stored in the cine-memory
31.

[0085] Next, the input unit 70 of the data analysis and
measurement apparatus 3 will be explained.

[0086] FIG. 2B shows an example of button arrangement
on a console of the input unit. In the embodiment, a
cine-reproduction button 711 for instructing cine-memory
reproduction and a measurement button 712 for instructing
analysis and/or measurement using RF data are provided on
the console 71. When the cine-reproduction button 711 or
the measurement button 712 is pushed down, its instruction
is notified to the CPU 80. In the data analysis and measure-
ment apparatus 3, the freeze button 710 as shown in FIG. 2A
is not necessary because the live-mode diagnosis using the
ultrasonic probe 10 is not made. In the data analysis and
measurement apparatus 3, when the cine-reproduction but-
ton 711 on the console 71 is pushed down, a screen shown
in FIG. 4A is displayed on the touch panel provided in the
input unit 70. The operation of the input unit is the same as
that described in the first embodiment.

[0087] Here, the operation in the online diagnostic mode
of the ultrasonic diagnostic system shown in FIG. 5 will be
explained with reference to FIG. 8. FIG. 8 is a flowchart
showing the operation in the online diagnostic mode of the
ultrasonic diagnostic system.

[0088] When the online diagnosis is started, first, at step
S10, patient information and examination information are
transmitted from the ultrasonic diagnostic apparatus 2 via
the network 5 to the data accumulation apparatus 4 accord-
ing to the user’s operation at the ultrasonic diagnostic
apparatus 2, and a corresponding examination record of the
examination records accumulated in the data accumulation
apparatus 4 is opened.

[0089] At step S11, ultrasonic imaging in the live mode is
performed by using the ultrasonic diagnostic apparatus 2. At
this time, the ultrasonic diagnostic images of the object are
displayed on the display unit and the generated RF data is
stored in the cine-memory 31.

[0090] The user identifies ROI and instructs desired data
analysis and/or measurement based on the ultrasonic diag-
nostic images obtained in the live mode or cine-memory
reproduction mode. When instructing data analysis and/or
measurement, the user pushes down the measurement button
712 (FIG. 2A) on the console 71. When the measurement
button 712 is pushed down, the data analyzing and measur-
ing unit 40 performs the designated data analysis and/or
measurement based on the RF data outputted from the A/D
converter 23 or cine-memory 31.

[0091] At step S12, the RF data outputted from the A/D
converter 23 or cine-memory 31 is data-compressed in the
RF data compressing unit 90, transmitted with the frame rate
information from the ultrasonic diagnostic apparatus 2 via
the network 5 to the data accumulation apparatus 4, and
stored in the data accumulation apparatus 4. Thereby, the RF
data can be centrally managed with the patient information
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and examination information and the diagnostic results on
the network 5, and the storage capacity for accumulating the
data in the ultrasonic diagnostic apparatus 2 can be reduced
for suppressing costs.

[0092] At step S13, when the user operates to end exami-
nation, information representing the examination end is
transmitted from the ultrasonic diagnostic apparatus 2 via
the network to the data accumulation apparatus 4, and the
examination record stored in the data accumulation appara-
tus 4 is closed.

[0093] Next, the operation in the offline diagnostic mode
of the ultrasonic diagnostic system shown in FIG. 5 will be
explained with reference to FIGS. 7 and 9. FIG. 9 is a
flowchart showing the operation in the offline diagnostic
mode of the ultrasonic diagnostic system.

[0094] When the offline diagnosis is started, first, at step
S20, patient information and examination information are
transmitted from the ultrasonic diagnostic apparatus 2 via
the network 5 to the data accumulation apparatus 4 accord-
ing to the user’s operation at the data analysis and measure-
ment apparatus 3, and a corresponding examination record
of the examination records accumulated in the data accu-
mulation apparatus 4 is opened.

[0095] At step S21, the data analysis and measurement
apparatus 3 loads the compressed RF data included in the
corresponding examination record with the frame rate infor-
mation from the data accumulation apparatus 4 via the
network 5. This RF data is the RF data transmitted from the
ultrasonic diagnostic apparatus 2 to the data accumulation
apparatus 4 in the online mode. When the data analysis and
measurement apparatus 3 acquires the RF data and the frame
rate information from the data accumulation apparatus 4, the
RF data decompressing unit 110 decompresses the RF data
by performing decompression processing on the compressed
RF data.

[0096] At step S22, the decompressed RF data is stored in
the cine-memory 31 with the frame rate information, and the
same processing as that in the ultrasonic diagnostic appara-
tus 2 in the online mode is performed thereon. That is, the
RF data is loaded from the cine-memory 31 according to the
operation of the console 71 by the user, processed in the
signal processing part 51, the DSC 52, the image processing
part 53, the image memory 54, and the D/A converter 55,
and thereby, ultrasonic diagnostic images are displayed on
the display unit 60.

[0097] The user identifies ROI and instructs desired data
analysis and/or measurement based on the ultrasonic diag-
nostic images obtained in the cine-memory reproduction
mode. When instructing data analysis and/or measurement,
the user pushes down the measurement button 712 (FIG. 2B)
on the console 71. When the measurement button 712 is
pushed down, the data analyzing and measuring unit 40
loads the RF data from the cine-memory 31 and performs the
designated data analysis and/or measurement. Since the RF
data loaded from the cine-memory 31 has not been subjected
to image display processing, it is preferable for use in data
analysis and/or measurement of IMT value measurement or
the like. Therefore, diagnoses with high accuracy can be
realized.

[0098] At step S23, when the user operates to end exami-
nation, information representing the examination end is
transmitted from the ultrasonic diagnostic apparatus 2 via
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the network 5 to the data accumulation apparatus 4, and the
examination record stored in the data accumulation appara-
tus 4 are closed.

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe including plural ultrasonic transducers
for transmitting ultrasonic waves to an object to be
inspected according to drive signals and receiving
ultrasonic echoes reflected from the object to output
detection signals;

a transmitting and receiving unit for supplying the drive
signals to said ultrasonic probe, generating RF signals
based on the detection signals, and A/D-converting the
RF signals to generate RF data;

a cine-memory for storing the RF data generated by said
transmitting and receiving unit with information on
frame rate;

a cine-memory reproducing unit for generating address
information of the RF data in synchronization with a
clock signal having a frequency controlled based on the
information on frame rate stored in said cine-memory
when the RF data is loaded from said cine-memory;

a data analyzing and measuring unit for performing
analysis and/or measurement on a selected region of
interest based on one of the RF data generated by said
transmitting and receiving unit and the RF data loaded
from said cine-memory;

an image signal generating unit for generating an image
signal based on one of the RF data generated by said
transmitting and receiving unit and the RF data loaded
from said cine-memory; and

a display unit for displaying an ultrasonic image based on
the image signal generated by said image signal gen-
erating unit.

2. An ultrasonic diagnostic apparatus according to claim

1, wherein said transmitting and receiving unit adjusts delay
amounts of the drive signals and supplies the drive signals
to said ultrasonic probe such that ultrasonmic waves trans-
mitted from said plural ultrasonic transducers form an
ultrasonic beam.

3. An ultrasonic diagnostic apparatus according to claim
1, wherein said transmitting and receiving unit supplies the
drive signals to said ultrasonic probe such that ultrasonic
waves transmitted at once from said plural ultrasonic trans-
ducers reach an entire imaging region of the object.

4. An ultrasonic diagnostic apparatus according to claim
1, wherein said transmitting and receiving unit generates the
RF signals by amplifying the detection signals outputted
from said plural ultrasonic transducers, adjusting delay
amounts of the detection signals, and adding the detection
signals one another.

5. An ultrasonic diagnostic apparatus according to claim
1, wherein said transmitting and receiving unit generates the
RF signals by amplifying the detection signals outputted
from said plural ultrasonic transducers.

6. An ultrasonic diagnostic apparatus according to claim
3, wherein said transmitting and receiving unit generates the
RF signals by performing wavefront synthesis based on the
detection signals obtained by receiving the ultrasonic echoes
at plural different times.

7. An ultrasonic diagnostic apparatus according to any
one of claims 1-6, further comprising:

a control unit for controlling the frequency of said clock

signal based on the information on frame rate stored in
said cine-memory.
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8. An ultrasonic diagnostic apparatus according to any
one of claims 1-6, further comprising:

an input unit to be used for setting a desired reproduction
start point and/or a desired reproduction end point
when the RF data is loaded from said cine-memory and
a moving image is reproduced; and

a control unit for outputting information for designating a
range of address to be used when the RF data is loaded
from said cine-memory to said cine-memory reproduc-
ing unit according to the reproduction start point and/or
the reproduction end point set by using said input unit.

9. An ultrasonic diagnostic apparatus according to any
one of claims 1-8, further comprising:

an RF data compressing unit for compressing the RF data
generated by said transmitting and receiving unit
according to a data compression method including
difference coding processing; and

a communication unit for transmitting the RF data com-
pressed by said RF data compressing unit with the
information on frame rate to an external apparatus via
a network.

10. A data analysis and measurement apparatus connected
via a network to (i) an ultrasonic diagnostic apparatus for
generating RF signals based on detection signals obtained by
receiving ultrasonic waves, A/D-converting the RF signals
to generate RF data, and compressing the RF data to transmit
the compressed RF data with information on frame rate, and
(i) a data accumulation apparatus for accumulating the
compressed RF data with the information on frame rate, said
data analysis and measurement apparatus comprising:

a communication unit for receiving the compressed RF
data with the information on frame rate from said data
accumulation apparatus via a network;

a data decompressing unit for decompressing the com-
pressed RF data received by said communication unit;

a cine-memory for storing the RF data decompressed by
said data decompressing unit with the information on
frame rate;

a cine-memory reproducing unit for generating address
information of the RF data in synchronization with a
clock signal having a frequency controlled based on the
information on frame rate stored in said cine-memory
when the RF data is loaded from said cine-memory;

a data analyzing and measuring unit for performing
analysis and/or measurement on a selected region of
interest based on the RF data loaded from said cine-
memory;

an image signal generating unit for generating an image
signal based on the RF data loaded from said cine-
memory; and

a display unit for displaying an ultrasonic image based on
the image signal generated by said image signal gen-
erating unit.

11. A data analysis and measurement apparatus according
to claim 10, wherein said RF signals are generated by
amplifying detection signals obtained by receiving ultra-
sonic waves, adjusting delay amounts of the detection sig-
nals, and adding the detection signals one another.

12. A data analysis and measurement apparatus according
to claim 10, wherein said RF signals are generated by
amplifying detection signals obtained by receiving ultra-
sonic waves.

13. A data analysis and measurement apparatus according
to claim 10, wherein said RF signals are generated by
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performing wavefront synthesis based on detection signals
obtained by receiving ultrasonic waves at plural different
times.

14. A data analysis and measurement apparatus according

to claim 10, further comprising:

a control unit for controlling the frequency of said clock
signal based on the information on frame rate stored in
said cine-memory.

15. A data analysis and measurement apparatus according

to claim 10, further comprising:
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an input unit to be used for setting a desired reproduction
start point and/or a desired reproduction end point
when the RF data is loaded from said cine-memory and
a moving image is reproduced; and

a control unit for outputting information for designating a
range of address to be used when the RF data is loaded
from said cine-memory to said cine-memory reproduc-
ing unit according to the reproduction start point and/or
the reproduction end point set by using said input unit.
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