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(57) ABSTRACT

This ultrasonic diagnostic apparatus comprises: an operation
unit with which a time division of a staining commencement
time when a contrast agent enters is specified for each pixel of
an ultrasonic image which is constructed chronologically
with the ultrasonic diagnostic apparatus; and an image ana-
lyzing unit which determines a color assignment according to
the time division of the staining commencement time, and
applies a color to the pixel of the ultrasonic image with the
determined color assignment, generating a contrast progress
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ULTRASONIC DIAGNOSTIC APPARATUS,
IMAGE PROCESSING DEVICE, AND STAIN
IMAGE GENERATING METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to a technique for
transmitting ultrasonic waves to the inside of a biological
object and imaging the inside of the object using the received
signals, particularly to a technique of imaging, from an image
obtained using contrast medium, the inflow time range of the
contrast medium.

DESCRIPTION OF RELATED ART

[0002] An ultrasonic diagnostic apparatus is one of the
imaging apparatuses generally used in the medical field
which include an MRI or CT apparatuse. The ultrasonic diag-
nostic apparatus is also smaller in size and is high in spatial
resolution and time resolution compared to an MRI or CT.

[0003] In recent years, improvement of performance in
medical diagnosis is expected, with the spread of ultrasonic
contrast agent, due to the development of techniques in
angiography and imaging of tumors using contrast agent. The
ultrasonic contrast agent has the luminance value higher than
the luminance value of the pixels in normal ultrasonic images
which is differentiated from the pixels in normal ultrasonic
images, which makes it easier for operators to observe the
blood flow of an object into which contrast agent is injected.

[0004] Thus the staining process by ultrasonic contrast
agent is considered effective for making diagnosis, as one of
the indexes for evaluating the condition of target tissue. The
difference in the staining process for each tissue indicates the
hemodynamics of blood flow fluctuation such as a flow chan-
nel, flow volume or velocity of blood flow starting from a
heart. For example, the hymodynamics in a staining process is
different in accordance with the degree of proliferation or
activity of a tumor, thus the properties of a tumor can be
identified by closely observing the staining process.

[0005] In particular, the blood flow in the vicinity of or
inside of a tumor shows not only the existence of a lesion but
also the properties of the tissue, providing significant infor-
mation for differential diagnosis.

[0006] A conventional technique is disclosed, for example
in Patent Document 1. In Patent Document 1, image display is
performed in the following procedure. First, plural frames of
ultrasonic image data are acquired by scanning ultrasonic
waves to an object into which contrast agent is injected. Next,
inflow of contrast agent to each region is detected based on the
signal intensity of the ultrasonic image data in the respective
regions. Then the time point at which contrast agent enters in
aregion of interest set on an ultrasonic image is determined as
a base time. On the basis of the base time, the relative times at
which contrast agent enters the respective regions are
obtained. Next, image data is generated in which the colors in
the respective regions are presented by the hues correspond-
ing to the relative times. Finally, an image showing the hues is
displayed on a monitor.

[0007] In other words, different coloration display is to be
performed for each time division to which an operator previ-
ously specifies blood vessel or tissue of different times at
which contrast agent enters. In this manner, it is possible to
visually identify to which time division a certain luminance in
an ultimately displayed image belongs.
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PRIOR ART DOCUMENTS

Patent Document

[0008] Patent Document 1: JP-A-2010-94220
SUMMARY OF INVENTION
Technical Problem
[0009] However, a problem still remains that while it is

possible in Patent Document 1 to identify to which time
division a certain luminance in an ultimately displayed image
belongs, the progression of staining process using contrast
agent still cannot be observed.

[0010] The objective of the present invention is to provide a
technique capable of generating contrast progress images
showing the progression state of the staining by contrast agent
obtained from ultrasonic images.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention comprises an operation unit
configured to specify a time division of a staining commence-
ment time at which contrast agent enters for each pixel of
ultrasonic images that are chronologically constructed by an
ultrasonic diagnostic apparatus, and an image analyzing unit
configured to determine a color assignment according to the
time division of the staining commencement time and gener-
ate contrast progress images by applying colors to the pixels
of the ultrasonic images with the determined color assign-
ment.

Effect of the Invention

[0012] In accordance with the present invention, it is pos-
sible to generate contrast progress images showing the
progress of a staining process using contrast agent obtained
from ultrasonic images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isablock diagram of an ultrasonic diagnostic
apparatus in Embodiment 1.

[0014] FIG. 2 is a functional block diagram of an image
analyzing unit in Embodiment 1.

[0015] FIG. 3 is a view for explaining an analysis range
specifying screen in Embodiment 1.

[0016] FIG. 4 is a view for explaining a method for deter-

mining a threshold luminance attainment time in Embodi-
ment 1.

[0017] FIG. 5 is a view for explaining a color chart in
Embodiment 1.
[0018] FIG. 6 is a flowchart of an image analyzing process

in Embodiment 1.
[0019] FIG. 7 is a functional block diagram of a data pro-
cessing unit in Embodiment 2.

[0020] FIG. 8 is a flowchart of an image analyzing process
in Embodiment 2.

[0021] FIG. 9 is a functional block diagram of a data pro-
cessing unit in Embodiment 3.

[0022] FIG.10is a flowchart of an image analyzing process
in Embodiment 3.
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DETAILED DESCRIPTION OF THE INVENTION

Embodiment 1

[0023] Embodiment 1 to which the present invention is
applied will be described below. In the following description
ofall drawings for explaining the embodiments of the present
invention, the same function parts are represented by the same
reference numerals, and the duplicative description thereof'is
omitted.

[0024] FIG.1is ablock diagram showing the configuration
of an ultrasonic diagnostic apparatus 100 in Embodiment 1.
The ultrasonic diagnostic apparatus 100 is for forming and
displaying a 2-dimensional ultrasonic image or a 3-dimen-
sional ultrasonic image of a diagnosis region using the
reflected echo signal which is acquired by transmitting an
ultrasonic wave to the inside of an object 101, comprising an
ultrasonic probe 102 provided with transducer elements that
irradiate and receive ultrasonic waves to and from the object
101, an ultrasonic transmission/reception unit 103 configured
to transmit/receive ultrasonic signals, an ultrasonic image
constructing unit 104 configured to construct a 2-dimensional
ultrasonic image (B-mode image) or a 3-dimensional ultra-
sonic image on the basis of the reception signals, a video
memory 105, a display unit 106, an operation unit 107, a
moving image recording unit 108 and a control unit 109.
Here, “moving images” indicate ultrasonic images that
change with time obtained by an ultrasonic diagnostic appa-
ratus, capable of obtaining ultrasonic images in almost real
time and displaying the ultrasonic images as if they are mov-
ing images by transformation of the frames thereof.

[0025] The respective components of the apparatus will be
described below in concrete terms. The ultrasonic probe 102
is provided with transducer elements arrayed by 1~m chan-
nels in the longitudinal direction of the ultrasonic probe 102.
The ultrasonic probe 102 may also comprise transducer ele-
ments that are arrayed by 1~k channels in the minor-axis
direction. In this case, focusing transmitting ultrasonic waves
or receiving ultrasonic waves is performed also in the minor-
axis direction by varying the delay times to be given to the
respective transducer elements (1~k channels) in the minor-
axis direction. Also, a transmission weight is applied by
changing the amplitude of the ultrasonic transmission signal
to be provided to the respective transducer elements in the
minor-axis direction, as well as a reception weight is applied
by changing the amplitude degree or attenuation degree of the
ultrasonic reception signals from the respective transducer
elements in the minor-axis direction. Further, aperture control
can be carried out by turning on and off the respective trans-
ducer elements in the minor-axis direction.

[0026] To the ultrasonic probe 102, for example a CMUT
(Capacitive Micromachined Ultrasonic Transducer: IEEE
Trans. Ultrason. Ferroelect. Freq. Contr. Vol. 45 pp. 678-690
May 1998, etc.) can be applied, of which ultrasonic transmis-
sion/reception sensitivity, i.e. electromechanical coupling
coefficient varies according to the magnitude of a bias voltage
which is applied overlapping with a driving signal provided
from the ultrasonic transmission/reception unit 103. A
CMUT is a hyperfine volume type ultrasonic transducer
manufactured by semiconductor microfabrication process
(for example, LPCVD: Low Pressure Chemical Vapor Depo-
sition).

[0027] The ultrasonic transmission/reception unit 103 sup-
plies transmission signals and processes the received
reflected echo signals to and from the ultrasonic probe 102,
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comprising a transmission circuit for controlling the ultra-
sonic probe 102 to output ultrasonic beams, a reception cir-
cuit for receiving the reflected echo signals of the output
ultrasonic beams from the object 101 and collects the biologi-
cal information, and a control circuit for controlling the pre-
viously-mentioned circuits.

[0028] The ultrasonic image constructing unit 104 converts
the reflected echo signals processed in the ultrasonic trans-
mission/reception unit 103 into an ultrasonic tomographic
image, comprising a digital scan converter configured to form
an ultrasonic image based on the sequentially input reflected
echo signals, and a storage device formed by a magnetic disk
that stores ultrasonic images, and a RAM. It processes the
reflected echo signals received by the ultrasonic transmission/
reception unit 103, converts the received signals into a 2-di-
mensional ultrasonic image, 3-dimensional ultrasonic image
or various Doppler images, and outputs the constructed
images.

[0029] The video memory 105 stores the ultrasonic images
to be displayed on the display unit 106. The display unit 106
regenerates and displays the ultrasonic images stored in the
video memory 105, and is formed by a device such as a CRT
monitor or a liquid-crystal display monitor. If the display unit
106 has a display memory of its own (not shown in the
drawing), 2-dimensional ultrasonic images, 3-dimensional
ultrasonic images or various Doppler images output from the
ultrasonic image constructing unit 104 can be displayed using
the display memory without using the video memory 105.
[0030] The operation unit 107 is an input means that
receives the commands from an operator or the setting and
modification of parameters, and is formed by devices such as
akeyboard or a touch panel. The parameters to be received by
the operation unit are related to image quality or moving
image recording.

[0031] The moving image recording unit 108 stores the
ultrasonic images to be displayed on the display unit 106 via
the video memory 105 as moving image data.

[0032] The control unit 109 controls the respective compo-
nents of the ultrasonic diagnostic apparatus 100, and per-
forms image analyzing process on the ultrasonic images
stored in the moving image recording unit 108. The control
unit 109 comprises a CPU, a memory and a storage unit, and
performs controlling and image processing of the respective
components by carrying out the programs stored in advance
in the storage unit by loading them to the memory. The stor-
age unit stores not only the programs but also various param-
eters set by the operator via the operation unit or data to be
used by CPU for processing and data to be generated during
the processing.

[0033] Next, the image analyzing process to be executed by
the control unit 109 in Embodiment 1 will be described. In
Embodiment 1, the control unit 109 comprises as shown in
FIG. 1 an image analyzing unit 200 configured to analyze the
ultrasonic images recorded as the moving image data in the
moving image recording unit 108 and generates stained mov-
ing images. The operation unit 107 specifies a time division of
a staining commencement time at which contrast agent enters
for each pixel of the ultrasonic images (moving image data)
that are chronologically constructed. The image analyzing
unit 200 determines color assignments according to the speci-
fied time division of the staining commencement time, and
generates contrast progress images by applying colors to the
pixels on the ultrasonic images with the determined color
assignments. In other words, by focusing on the variation of
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luminance in the respective pixels of moving image data, the
moving image data is generated on which the staining is
performed according to the time difference of entrance of
contrast agent. In order to carry out this function, the image
analyzing unit 200 in Embodiment 1 comprises a data record-
ing unit 210 and a data processing unit 220 as shown in FIG.
2.

[0034] The data recording unit 210 comprises a condition
recording section 211, a luminance analysis result recording
section 212, a staining result recording unit 213 and a staining
parameter recording unit 214.

[0035] The data processing unit 220 comprises a moving
image obtaining section 221, an analysis frame setting section
222, a luminance analysis section 223, a staining section 224
and a moving image regenerating section 225.

[0036] The data to be recorded and the processing in the
respective sections will be described below in detail.

[0037] The moving image obtaining section 221 obtains
moving image data of an analysis target from the moving
image recording section 108. When plural sets of moving
image data are stored in the moving image recording section
108, the moving image obtaining section 221 obtains the
moving image data specified by an operator. The operator
specifies moving image data, for example, using the operation
unit 107 via an analysis target moving image data setting
region displayed on the display unit 106.

[0038] The analysis frame (range) setting section 222
receives the setting of the analysis range of the moving image
data regarding the analysis target from the operator. The
analysis range is the frame range in which the luminance
analysis is to be performed by a luminance analyzing section
223 to be described later, and is to be specified by a starting
frame and an ending frame. The received analysis range (a
starting frame and an ending frame) is recorded in the condi-
tion recording section 211 in the data recording unit 210.
[0039] The analysis range is, for example from the timing
(entrance commencement time) that contrast agent injected
from a vein enters into a target region and the staining is
started to the timing that the contrast agent is saturated. The
operator inputs this analysis range using the operation unit
107 via, for example an analysis range specifying screen
displayed on the display unit 106. Information such as a
region for specifying the frame (analysis range specifying
region) is displayed on the analysis range specifying screen
along with the moving image data recorded in the moving
image recording unit 108, and the operator specifies the
analysis range while observing the moving images.

[0040] FIG. 3 shows an example of an analysis range speci-
fying screen 300. As shown in the diagram, the analysis range
specifying range 300 comprises a moving image data display
region 310 and an analysis range specifying area 320. The
moving image data which is the moving images recorded in
the moving image recording unit 108 and is extracted by the
operator as an analysis target is regenerated and displayed on
the moving image data display area 310.

[0041] Also, the analysis range specifying area 320
receives the analysis range specified by the operator. Here, a
case using a multi-slider is exemplified. The analysis range
specifying area 320 comprises a starting frame slider 322 for
setting a starting frame, an ending frame slider 323 for setting
an ending frame, a starting frame display area 321 in which
the frame number of a starting frame is to be displayed, and an
ending frame display area 324 for displaying the frame num-
ber of an ending frame. The respective sliders and the frame

Jul. 18,2013

numbers displayed on the respective display areas are syn-
chronized, thus the frame numbers are changed along with the
movement of the sliders. Also, by directly inputting the
numeric values in the respective display areas, the positions
of the sliders also change. A starting frame and an ending
frame may be set by the sliders, or by directly inputting the
frame numbers in the display areas.

[0042] The luminance analyzing section 223 performs a
luminance analyzing process on the analysis range, in the
moving image data obtained by the moving image obtaining
section 221, set by the analysis frame setting section 222, and
determines the staining commencement time of the respective
pixels. The staining commencement time is the timing which
enables identifying the time difference of the entrance of
contrast agent, and is set in Embodiment 1 as time (threshold
value luminance attainment time) to. at which the luminance
of the contrast agent first reaches the previously determined
luminance. Accordingly, the luminance analyzing section
223 in Embodiment 1 determines and outputs time (threshold
value attainment time) to. which is spent from a starting frame
to reach the previously defined luminance for each pixel.
[0043] FIG. 4 is a view for explaining the means for deter-
mining threshold value luminance attainment time ta of
specified pixels.

[0044] Here, the time at the starting frame of an analysis
range is set as ts, and the time at the ending frame is set as te.
As shown in the drawing, the luminance analyzing section
223 extracts maximum value Imax of the luminance in each
pixel in the analysis range. Then value Ia is obtained by
multiplying the maximum value of the luminance by previ-
ously set threshold o (fixed value), and the time that the
luminance reaches value Ia is set as threshold value lumi-
nance attainment time ta.. For threshold value o, for example
0.8 is used. The luminance analyzing section 223 records
threshold luminance attainment time to. obtained in each
pixel as the luminance analysis result in the luminance analy-
sis result recording unit 212. At this time, not only threshold
value luminance attainment time to. but also Imax and Io. may
also be recorded.

[0045] Inthe staining parameter recording unit 214, a color
chart which stores a display color for each time range is
recorded as a staining parameter. FIG. 5 shows an example of
a color chart 400 to be stored. As shown in the drawing, time
divisions 400 and colors 420 are stored in the color chart 400
while being related to each other. In time divisions 410 stor-
age area, the time divisions for example, in which the elapsed
time from the starting frame is divided into predetermined
ranges are stored. In a color 420 storage area, the respective
values are stored for specifying a display color in each time
division.

[0046] Thestainingsection 224 performs a staining process
on the analysis range of the moving image data obtained by
the moving image obtaining section 221 using the luminance
analysis result of the luminance analyzing section 223. The
staining process is the process for applying colors, with
respect to each pixel, to the frames after the frame at which
coloring (color assignment) is started (staining commence-
ment frame). The staining commencement frame is the frame
equivalent to luminance attainment time tc., which is speci-
fied by luminance attainment time to calculated by the lumi-
nance analyzing section 223 and the frame rate of the moving
image data recorded in the moving image recording unit.
Then the color assignment process is performed on the pixels
in the frames after the staining commencement frame of the
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moving image data of an analysis target. For color assign-
ment, display colors specified in colors 420 that are associ-
ated with the time divisions 410 equivalent to luminance
attainment times ta. and recorded in the color chart 400 are
used. The processed moving image data is recorded in the
staining result recording section 213 as contrast progress
images (staining moving image data).

[0047] The moving image regenerating section 225, when
receiving a command from an operator via the operation unit
107, regenerates the stained moving image data recorded in
the staining result recording section 213 on the display unit
106.

[0048] Next, the flow of an image analyzing process in
Embodiment 1 will be described, in which stained moving
image data is generated by the image analyzing unit 200. FIG.
6 is a processing flow of the image analyzing process in
Embodiment 1.

[0049] When a command to start an image analyzing pro-
cess is received, the moving image obtaining section 221
obtains the moving image data of an analysis target from the
moving image recording unit 108 (step S1011).

[0050] The analysis frame setting section 222 displays the
moving image data obtained by the moving image obtaining
section 221 on the display unit 106, and receives an analysis
range (step S1102).

[0051] The luminance analyzing section 223 extracts the
moving image in the analysis range from the moving image
data to perform a luminance analyzing process (step S1103),
and records the luminance analysis result in the luminance
analysis result recording section 212.

[0052] Next, the staining section 224 performs the staining
process using the luminance analysis result and the color
chart 400 in the staining parameter recording section 214
(step S1104), and records the obtained contrast progress
images (stained moving image data) in the staining result
recording section 213.

[0053] The moving image regenerating section 225 waits
for a command from the operator, and displays the contrast
progress images (stained moving image data) on the display
unit 106 (step S1105).

[0054] As described above, in accordance with Embodi-
ment 1, by comprising the operation unit 107 configured to
specify a time division of a staining commencement time at
which contrast agent enters for each pixel of ultrasonic
images that are chronologically constructed by an ultrasonic
diagnostic apparatus and the image analyzing unit 200 con-
figured to determine a color assignment according to the time
division of the staining commencement time and generate
contrast progress images by applying a color to the pixel in
the ultrasonic images with the determined color assignment,
itis possible to generate contrast progress images showing the
progress of staining by contrast agent obtained from ultra-
sonic images.

[0055] Inother words, with respect to the pixel of which the
luminance value surpassed a predetermined value, the stain-
ing is performed after the surpassed time point with the dis-
play color in accordance with the surpassed timing. There-
fore, it is possible to identify if the luminance value reached a
predetermined value by whether or not the pixel is stained, as
well as to obtain information on the elapsed time to reach the
predetermined luminance value by a color (displayed color).
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[0056] Also by obtaining such information for each pixel,
the time change of the luminance associated with the inflow
of contrast agent in an entire image can be presented to the
operator.

[0057] Thus the state of luminance variation (staining
progress) from the point at which contrast agent reached
tissue can be objectively presented without any arbitrary
operation or choice made by an operator.

[0058] In the staining section 224, luminance Imin of a
starting frame may be extracted at the time of the staining
process to calculate difference Al between Iot and Imin (see
FIG. 4), so as to set the calculation result of a pixel of which
Iouis smaller than Imin and a pixel which is smaller than noise
value rmin that is previously defined by Al may be set as O
instead of ta.. The input of noise value rmin is received from
the operator in advance via the operation unit 107, and set in
the condition recording section 211. This process is carried
out to eliminate the region where there is no perfusion of
contrast agent from the color map. The parameters in the
region where there is no perfusion of contrast agent cannot be
calculated correctly and are often displayed as a noise on the
stained moving image data. By carrying out the above-de-
scribed process, visibility of the obtained stained moving
image data can be improved.

[0059] Also, while threshold value luminance attainment
time to. is specified using a threshold value in the above-
described luminance analyzing process, the means does not
have to be limited thereto. By analyzing the analysis range
and defining in each pixel approximation TIC of a straight
line in which a graph of luminance change is simplified by a
given function, threshold value luminance attainment time
Tomay be determined using the defined approximation. Also
for reducing the load of the moving image recording unit 108,
the information capable of specifying approximation TIC
instead of moving image data may also be stored.

[0060] Also, the staining starting frame in Embodiment 1 is
to be equivalent to threshold value luminance attainment time
ta, the frame does not have to be limited thereto. For example,
the frame may also be equivalent to a time such as an inflow
starting time, equilibrium luminance attainment time, or dis-
appearance starting time. These times may be set to be cal-
culated using the above-mentioned approximation TIC. Also,
a threshold luminance attainment time, inflow starting time,
equilibrium luminance attainment time, disappearance start-
ing time, etc. may be stored in the data recording unit 210 in
advance as parameters for specifying a staining commence-
ment time, so that the operator can select one before starting
the analyzing process.

[0061] Also, the image analyzing unit 200 in Embodiment
1 may also comprise a TIC calculating section configured to
calculate TIC for a region of interest (ROI) which is set by an
operator in advance. In this case, the calculated TIC may be
displayed on the display unit 106 along with the stained
moving image data.

[0062] Also, the image analyzing unit may be configured
capable of selecting stained moving image data or TIC from
moving image data to be recorded in the moving image
recording unit. For example, it may be configured capable of
automatically identifying the necessity for generating TIC,
for example by setting to calculate TIC when an ROl is set for
generating TIC.

[0063] Also, by performing an image analyzing process by
Embodiment 1 in prior to the generation of TIC to receive an
ROI for generating TIC on the stained moving image data to
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be displayed on the display unit 106. In this manner, an ROI
can be set with higher accuracy, since the ROI can be set on
the moving image data with higher visibility and objectivity.
[0064] Further, only the final frame of the stained moving
image data in Embodiment 1 may be displayed as a still
image. By displaying the final frame, the difference of
entrance times of contrast agent can be confirmed at one
glance.

[0065] Also, the time division 410 in the color chart 400 is
not limited to the time range as described above. For example,
numbers to specify the time divisions 410 may also be stored.
In this case, the staining section 224 evenly allots the respec-
tive divisions 410 in the analysis range set by the analysis
frame setting section 222.

[0066] Also, the format of the color chart 400 is not limited
to one type. Plural types of color charts may be provided to be
selected by an operator. Also, the colors 420 to be corre-
sponded to the respective time divisions 410 may be config-
ured such that an operator can create colors of his/her choice.
The number of time divisions 410 may also be set as variable.
By increasing the number of time divisions, detailed obser-
vation can be carried out.

Embodiment 2

[0067] Next, Embodiment 2 to which the present invention
is applied will be described. While the analysis range is set by
an operator in Embodiment 1, the analysis range is automati-
cally set in Embodiment 2 by the image analyzing unit.
Embodiment 2 will be described below focusing on the con-
figuration different from Embodiment 1.

[0068] The ultrasonic diagnostic apparatus 100 in Embodi-
ment 2 has basically the same configuration as that of
Embodiment 1. In this regard, however, a data processing unit
200a of the image analyzing unit 200 in Embodiment 2 com-
prises an analysis frame determining section 226 in place of
the analysis frame setting section 222.

[0069] FIG. 7 is a functional block diagram of the data
processing unit 220a in Embodiment 2.

[0070] The analysis frame determining section 226 in
Embodiment 2 performs the analysis range determining pro-
cess to determine the frame range (analysis range) to be
analyzed by the luminance analyzing section 223 from the
moving image data recorded in the moving image recording
unit 108. As described above, the analysis range is from an
inflow starting time to a disappearance time, and the analysis
frame determining section 226 determines and outputs a start-
ing frame and an ending frame equivalent to the respective
times.

[0071] InEmbodiment 2, for example, the flash time in the
header information provided to moving images is set as an
inflow starting time. In other words, the frame corresponding
to this inflow starting time is set as a starting frame. The flash
time is the time at which an ultrasonic wave that breaks down
contrast agent is generated.

[0072] Also by calculating the sum of the signal intensities
(luminance) in all pixels for each frame, the frame in which
the difference of the sums compared to the adjacent frame is
a predetermined value or more may be set as a starting frame.
[0073] Also, when the condition that the difference of the
sum of the signal intensities from that in the adjacent frame is
within a predetermined range for longer than predetermined
time T, the frame which is immediately after predetermined
time T is set as an ending frame.
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[0074] The determined result is recorded in a range record-
ing section in the storage unit 210 as an analysis range.
[0075] The rest of the configuration of the image analyzing
unit 200 in Embodiment 2 is the same as in Embodiment 1.
[0076] Next, the flow of the image analyzing process by the
image analyzing unit 200 in Embodiment 2 will be described.
FIG. 8 is a processing flow of the image analyzing process by
the image analyzing unit 200 in Embodiment 2.

[0077] When a command to start an image analyzing pro-
cess is received, the analysis frame determining section 226
obtains the moving image data from the moving image
recording section (step S1201). Then an analysis range deter-
mining process for determining the analysis range is executed
(step S1202).

[0078] The luminance analyzing section 223 extracts the
moving images in the analysis range from the moving image
data to perform the luminance analyzing process (step
S1203), and records the luminance analysis result in the lumi-
nance analysis result recording section 212.

[0079] Next, the staining section 224 performs the staining
process using the luminance analysis result and the color
chart 400 in the staining parameter recording section 214
(step S1204), and records the obtained stained moving image
data in the staining result recording section 213.

[0080] The moving image regenerating section 225 waits
for a command from an operator, regenerates the stained
moving image data and displays the data on the display unit
106 (step S1205).

[0081] As described above, in accordance with Embodi-
ment 2, the following particular effect can be achieved in
addition to the advantage which can be attained by previously
described Embodiment 1.

[0082] That is, the range which satisfies previously defined
conditions is automatically determined as an analysis range
for analyzing the luminance. Thus the analysis range which
satisfies previously defined conditions can be determined
accurately and swiftly compared to a case of determining the
analysis range manually by an operator.

[0083] Also, in accordance with Embodiment 2, since an
analysis range can be determined with high accuracy prior to
the analyzing process, the accuracy of the analysis result can
also beimproved, in addition to the advantage in Embodiment
1.

[0084] Embodiment 2 can also be configured capable of
generating approximation TIC using a previously specified
region or the sum of the pixel values in all pixels and deter-
mining an analysis frame (a starting frame and an ending
frame) using the generated TIC. In this case, the analysis
frame determining section 226 generates approximation TIC.

Embodiment 3

[0085] Next, Embodiment 3 to which the present invention
is applied will be described. In Embodiment 3, generated
luminance analysis result and stained moving image data are
stored being associated with the original moving image data.
Then in a case that image analysis is commanded with respect
to already processed moving image data, the processed data is
extracted from the data recording unit instead of reprocessing
the data.

[0086] Atthe timethat moving image data is recorded inthe
moving image recording unit, a unique identification number
(ID number) is given to each set of moving image data. In
Embodiment 3, luminance analysis data and stained moving
image data generated in the above-mentioned image analyz-
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ing unit 200 are managed by providing an ID number of the
original moving image data. Therefore, the moving image
obtaining section 221, at the time of obtaining the moving
image data of an analysis target, obtains the ID number as
well.

[0087] The ultrasonic diagnostic apparatus 100 in Embodi-
ment 3 has basically the same configuration as in Embodi-
ment 1 or Embodiment 2. In this regard, however, a data
processing unit 20056 of the image analyzing unit 200 in
Embodiment 3 further comprises a record confirming section
227 as shown in FIG. 9. The record confirming section 227
confirms whether the stained moving image data generated
from the moving image data of an analysis target is stored in
the data recording unit 210, and issues commands to the
respective components in accordance with the stored condi-
tion.

[0088] On the basis of the configuration in Embodiment 1,
the configuration of the respective components in Embodi-
ment 3 will be described below in detail, focusing on the
difference from Embodiment 1. The explanation will be pro-
vided along with the flow of the image analyzing process by
the image analyzing unit 200 in Embodiment 3. FIG. 10 is a
processing flow of the image analyzing process in Embodi-
ment 3.

[0089] When a command to start an image analyzing pro-
cess is received and the moving image obtaining section 221
obtains the moving image data of an analysis target with its ID
number (step S1301), the record confirming section 227
extracts the ID number and detects the existence of the data
corresponding to the extracted ID number referring to the
staining result recording section 213 (step S1302).

[0090] When the stained data corresponding to the ID num-
ber is not stored, the record confirming section 227 refers to
the luminance analysis result recording section 212 and
detects the existence of the data corresponding to the ID
number (step S1303). When the luminance analysis result
corresponding to the ID number is not stored, the record
confirming section 227 notifies the ID number to the analysis
frame setting section 222. The analysis frame setting section
222, when receiving the notification, receives the analysis
range (step S1304), and notifies the range and the ID number
to the luminance analyzing section 223.

[0091] When the notification is received, the luminance
analyzing section 223 performs the luminance analyzing pro-
cess on the analysis range of the moving image data of the
analysis target (step S1305), and records the luminance
analysis result in the luminance analysis result with the cor-
responding ID number in the luminance analysis result
recording section 212. Also, the luminance analyzing section
223 notifies the completion of the luminance analyzing pro-
cess and the ID number to the staining section 224.

[0092] When the notification is received, the staining sec-
tion 224 performs the staining process on the moving images
obtained by the moving image obtaining section 221 using the
luminance analysis result recorded in the luminance analysis
recording section with the corresponding ID number (step
S1306), and records the stained moving image data with the
corresponding ID number in the staining result recording
section 213.

[0093] Also, the staining section 224 notifies the comple-
tion of the staining process with the ID number to the moving
image regenerating section 225. When the notification is
received, the moving image regenerating section 225 extracts
the stained moving image data corresponding to the ID num-
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ber from the staining result recording section 213 to regener-
ate and display the data on the display unit 106 (step S1307).
[0094] On the other hand, when the luminance analysis
result is stored with the ID number in step S1303, the record
confirming section 227 notifies the staining section 224 the
completion of the luminance analyzing process with the ID
number. When the notification is received, the staining sec-
tion 224 proceeds step S1306 to perform the staining process.
[0095] Also, when the stained moving image data is stored
with the corresponding ID number in step S1302, the record
confirming section 227 notifies the ID number and the com-
mand for regeneration of data to the moving image regener-
ating section 225. When the notification is received, the mov-
ing image regenerating section 225 proceeds step 1307 of
obtaining the stained moving image data stored with the
notified corresponding ID number from the staining result
recording section 213 and displaying the regenerated data on
the display unit 106.

[0096] As described above, in accordance with Embodi-
ment 3, the following particular effect can be achieved in
addition to the advantage attained by Embodiment 1 and
Embodiment 2.

[0097] That is, the data once analyzed is stored in the data
recording unit 210, and when a command for analyzing the
same moving image data is received, the data is extracted
from the data recording unit 210 to be displayed. Thus the
repetition of performing the image analyzing process of
Embodiment 3 on the same moving image data can be elimi-
nated, whereby reducing the entire processing time.

[0098] Embodiment 3 is especially effective in cases such
as a follow-up observation of a tumor which requires the
above-described analysis on previously-obtained moving
images.

[0099] Inthe above-described embodiment, when the lumi-
nance analysis result or stained moving image data generated
from the processing target moving image data are found in the
data recording unit 210, the respective processing is not to be
carried out. The present embodiment is not limited to this, and
it may also be configured, when the target imaging data is
found in the data recording unit 210, to ask an operator
whether or not to proceed the processing again.

[0100] Also, when the stained moving image data is found,
an alternative such as to perform a staining process using
another staining parameter may be provided, in addition to
offering a choice of performing or not performing a re-stain-
ing process. By such configuration, stained moving image
data can be obtained using different staining parameters,
without performing luminance analysis.

[0101] The display 106 may be configured as capable of
displaying plural sets of stained moving data at the same time.
In this manner, plural regions can be observed at the same
time, whereby saving the workload of an operator.

[0102] Also, plural areas may be provided for displaying
plural sets of moving image data, by juxtaposing the respec-
tive sets of stained moving image data, or plural sets of
stained moving image data may be synthesized to be dis-
played as one set of moving image data. The synthesis of data
can be performed using a method such as calculating the
difference of the pixel values in the respective pixels of each
frame and applying display colors according to the differ-
ences.

[0103] For example, the synthesis method is effective in a
case such as displaying stained moving images of before and
after the RFA (radiofrequency ablation) treatment at the same
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time. In this case, different color charts 400 are used for the
stained moving image data generated from the moving image
data obtained before the treatment and the stained moving
image data obtained after the treatment. For example, a stain-
ing pattern in shades of blue is used for the moving image data
before the treatment, and a staining pattern in shades of red is
used for the moving image data after the treatment. In this
manner, the blood vessel into which contrast agent entered
only before the treatment is displayed in blue, the blood
vessel into which contrast agent is entered only after the
treatment is displayed in red, and the blood vessel into which
contrast agent is entered before and after the treatment is
displayed in purple that is the blend of blue and red, which
makes it easier to make comparison and possible to visualize
the effect of the treatment at one glance.

[0104] Also, stained moving image data to be displayed on
the display unit 106 may also be set as directly selectable from
the staining result recording section 213. In this case, the
display unit may be configured so that an operator can directly
select ID numbers, or a table in which the data to be specified
by the operator such as patient’s names or imaging dates
associated with the ID of the moving image data are stored
can be provided so that the operator can specify the informa-
tion such as the patient’s name or the imaging date.

[0105] Embodiment 3 manages luminance analysis results
and stained moving image data using ID numbers based on
the original moving image data by which the previously men-
tioned data are generated, but data management means is not
limited thereto. For example, management numbers which
are separate from the ID numbers of moving image data and
independent in the image analyzing unit 200 may also be
used. In this case, a table for corresponding ID numbers of
moving image data to the management numbers is further
comprised, and the record confirming section 227 executes
processing referring to the table.

[0106] The ultrasonic diagnostic apparatus in the above-
described respective embodiments may also comprise a trans-
mission/reception interface for transmitting/receiving data
to/from an external device and a function to transmit/receive
generated luminance analysis results and stained moving
image data to/from an external device via the transmission/
reception interface. Also, in a case that luminance analysis
results and stained moving image data are stored being asso-
ciated with identification numbers, a transmission/reception
interface and a function to transmit/receive the luminance
analysis result and/or stained moving image data specified by
the identification numbers which are assigned via the trans-
mission/reception interface may also be provided. Also, the
transmission/reception interface and the means of receiving
staining parameters generated by an external device via the
transmission/reception interface and recording the param-
eters in the staining parameter recording section may also be
provided.

[0107] Also, the ultrasonic diagnostic apparatus 100 com-
prises the image analyzing unit 200 in the above-described
respective embodiments, but the image analyzing unit 200
may be an information processing device which is separate
from the ultrasonic diagnostic apparatus, comprised in an
information processing device capable of transmitting/re-
ceiving data to/from the ultrasonic diagnostic apparatus 100.

[0108] Such configuration enables, for example, perform-
ing luminance analyzing process in hospitals after contrast
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study on a PC with high processing capacity. Accordingly,
temporal and spatial flexibility in luminance analyzing pro-
cess can be improved.

[0109] Also, not only the entire function of the image ana-
lyzing unit 200 but also the entire or a part of the data record-
ing unit 210 may be configured to be provided in an external
storage unit. An external storage unit is a device such as an
external hard disk, USB memory or CD-ROM.

[0110] For example, by comprising the staining parameter
recording section 214 in an external storage device, a staining
parameter can be easily changed to the one which is used in
other displays. By doing so, it is possible to provide stained
moving images having consistency with other analyses.
[0111] Also, comprising the luminance analysis result
recording section 212 and the staining result recording sec-
tion 213 in an external storage device can improve portability
of the data therein.

DESCRIPTION OF REFERENCE NUMERALS

[0112] 100 ultrasonic diagnostic apparatus
[0113] 101 object

[0114] 102 ultrasonic probe

[0115] 103 ultrasonic transmission/reception unit
[0116] 104 ultrasonic image constructing unit
[0117] 105 video memory

[0118] 106 display unit

[0119] 107 operation unit

[0120] 108 moving image recording unit
[0121] 109 control unit

[0122] 200 image analyzing unit

[0123] 210 data storage unit

[0124] 210a data storage unit

[0125] 2105 data storage unit

[0126] 211 condition recording unit

[0127] 212 luminance analysis result recording section
[0128] 213 staining result recording section
[0129] 214 staining parameter recording section
[0130] 220 data processing unit

[0131] 221 moving image obtaining section
[0132] 222 analysis frame setting section
[0133] 223 luminance analyzing section
[0134] 224 staining section

[0135] 225 moving image regenerating section
[0136] 226 analysis frame determining section
[0137] 227 record confirming section

[0138] 300 analysis range specifying screen
[0139] 310 moving image data display area
[0140] 320 analysis range specifying area
[0141] 321 starting frame display area

[0142] 322 starting frame slider

[0143] 323 ending frame slider

[0144] 324 ending frame display area

[0145] 400 color chart

[0146] 410 time division

[0147] 420 color

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit/receive ultra-
sonic waves to/from an imaging target;

an ultrasonic transmission/reception unit configured to
make the ultrasonic probe to transmit ultrasonic waves
and perform signal processing on the reception signals
from the ultrasonic probe;

an ultrasonic image constructing unit configured to chro-
nologically construct ultrasonic images of the chrono-
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logically measured imaging target, based on the recep-
tion signals that are processed in the ultrasonic
transmission/reception unit; and

a display unit configured to chronologically display the
chronologically constructed ultrasonic images, and

a control unit configured to control the ultrasonic transmis-
sion/reception unit, the ultrasonic image constructing
unit and the display unit;

further comprising:

an operation unit configured to specify a time division of a
staining commencement time when a contrast agent
enters, for each pixel of the chronologically constructed
ultrasonic images; and

an image analyzing unit in the control unit configured to
determine the color assignment according to the time
division of the staining commencement time which is
specified by the operation unit, and generate a contrast
elasped image by applying a color to the pixel of the
ultrasonic images with the determined color assignment.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the control unit makes a superimposed image in
which the contrast progress image is superimposed on the
ultrasonic image to be displayed on the display unit.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein:

the image analyzing unit further comprises a luminance
analyzing section configured to chronologically mea-
sure the luminance of contrast agent in a region of inter-
est on the ultrasonic image; and

the control unit displays the luminance variation curve and
the superimposed image on the display unit.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein the image analyzing unit comprises:

a luminance analyzing section configured to specify a
staining commencement time at which an inflow of con-
trast agent reaches a predetermined luminance distribu-
tion by analyzing the luminance value of the chronologi-
cally constructed ultrasonic images; and

a staining section configured to apply a color which is
determined in advance, to the ultrasonic images that vary
with time which are obtained after the specified staining
commencement time.

5. The ultrasonic diagnostic apparatus according to claim
4, wherein the luminance analyzing section determines the
arrival time the luminance capable of specifying the time
difference of the inflow of contrast agent, for each pixel of the
ultrasonic images.

6. The ultrasonic diagnostic apparatus according to claim
5, wherein the luminance capable of specifying the time
difference of the inflow of contrast agent in the luminance
analyzing section is acquired based on the maximum lumi-
nance and a threshold value of the pixel.

7. The ultrasonic diagnostic apparatus according to claim
5, wherein the image analyzing section further comprises:

a condition recording section configured to receive the
selection of the ultrasonic image for generating the
stained ultrasonic image;

a staining result recording section configured to record the
stained ultrasonic image corresponding to the identifi-
cation information for specifying the ultrasonic image;
and

a record confirming section configured to discriminate
whether or not the stained ultrasonic image related to the
selected ultrasonic image is recorded in the staining
result recording unit,
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wherein the control unit, in a case that the stained ultra-
sonic image which is related to the selected ultrasonic
image is recorded in the staining result recording sec-
tion, makes the recorded stained ultrasonic image to be
displayed on the display unit.

8. The ultrasonic diagnostic apparatus according to claim

4, further comprising an analysis frame setting unit config-
ured to set the analysis range in which the luminance analysis
is performed by the luminance analyzing section.

9. The ultrasonic diagnostic apparatus according to claim

8, wherein the analysis frame setting unit calculates the sum
of the signal intensities of all pixels for each of the ultrasonic
images, calculates the difference of the calculated sums
between the adjacent ultrasonic images, and sets the first
ultrasonic image having the difference greater than a prede-
termined value as a starting image, and sets, when the condi-
tion that the difference is within a predetermined range con-
tinues for more than a predetermined time, the ultrasonic
image of immediately after the predetermined time as an
ending image.

10. The ultrasonic diagnostic apparatus according to claim

4, wherein:

the image analyzing unit further comprises a staining
parameter recording section configured to record a stain-
ing parameter table to store display colors for each divi-
sion; and

the staining section displays each pixel with a display color
stored in the staining parameter table corresponding to
the division which is equivalent to the luminance attain-
ment time of the contrast agent.

11. The ultrasonic diagnostic image according to claim 10,

wherein:

the staining parameter recording section records plural
different staining parameter tables; and

the staining section displays the respective pixels using the
staining parameter which is selected by an operator.

12. An image processing device which performs image

analysis processing on chronologically constructed ultra-
sonic images obtained by an ultrasonic diagnostic apparatus,
comprising:

an operation unit configured to specify a time division of a
staining commencement time at which contrast agent
enters for each pixel of the ultrasonic image; and

an image analyzing unit configured to determine the color
assignment in accordance with the specified time divi-
sion of the staining commencement time, and generate a
contrast progress image by applying a color to pixels of
the ultrasonic image with the determined color assign-
ment.

13. A staining image generation method including:

a step of transmitting/receiving ultrasonic waves by a
probe to/from an imaging target into which contrast
agent is injected;

an image constructing step of constructing an ultrasonic
image which chronologically varies on the basis of the
signal received by the probe;

an operation step of specifying a time division of a staining
commencement time at which contrast agent enters for
each pixel of the ultrasonic image; and

an image analyzing step of determining a color assignment
in accordance with the specified time division of the
staining commencement time, and generating a contrast
progress image by applying a color to the pixels of the
ultrasonic image with the determined color assignment.
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