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(57) ABSTRACT

According to one embodiment, an ultrasonic diagnostic appa-
ratus includes a detection unit configured to detect a distribu-
tion of velocity information at each position in a predeter-
mined area in an object over a predetermined interval by
scanning the predetermined area with an ultrasonic wave, a
calculation unit configured to calculate at least one feature
amount based on at least one of a maximum flow velocity
value, aminimum flow velocity value, and a mean flow veloc-
ity value at the each position in the predetermined interval by
using velocity information at each position over the predeter-
mined interval, and a display unit configured to display the
feature amount in a predetermined form.
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ULTRASONIC DIAGNOSTIC APPARATUS,
ULTRASONIC IMAGE PROCESSING
APPARATUS, AND ULTRASONIC IMAGE
ACQUISITION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2011-022999, filed Feb. 4,2011; and No. 2012-020678, filed
Feb. 2, 2012, the entire contents of all of which are incorpo-
rated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, an ultrasonic image pro-
cessing apparatus, and an ultrasonic image acquisition
method.

BACKGROUND

[0003] An ultrasonic diagnostic apparatus emits ultrasonic
pulses generated by transducers provided in an ultrasonic
probe into an object to be examined, and receives reflected
ultrasonic waves generated by differences in acoustic imped-
ance of the tissues of the object via the transducers, thereby
acquiring biological information. This apparatus can perform
real-time display of image data by the simple operation of
bringing the ultrasonic probe into contact with the surface of
the body, and hence is widely used for morphological diag-
nosis and functional diagnosis of various organs.

[0004] The above ultrasonic diagnostic apparatus is also
used for image diagnosis of the circulatory system. For
example, the apparatus measures a blood flow velocity in a
specific region at a desired depth from the surface of the body
by using a pulse Doppler method, calculates, for example,
feature amounts associated with a blood flow such as a PI
(Pulsatility Index), RI (Resistance Index), and S/D and flow
velocity index values such as a maximum flow velocity value,
mean flow velocity value, and minimum flow velocity value,
and displays them in real time. The operator can quickly and
visually recognize the blood flow state of the patient by
observing the displayed blood flow indices.

[0005] However, since the conventional apparatus uses the
pulse Doppler method for calculating various blood flow
indices such as P1, R, S/D, maximum values, average values,
and minimum values, the blood flow indices which the appa-
ratus can calculate are limited to local areas corresponding to
one or two rasters. Therefore, the observer (e.g., a doctor) can
visually recognize the blood flow in a local area quickly but
cannot do so with respect to an area wider than a predeter-
mined area (refer to FIG. 15).

[0006] As described above, the blood flow indices which
the conventional ultrasonic diagnostic apparatus can calcu-
late are limited to those in a local area. Therefore, if the
conventional ultrasonic diagnostic apparatus is used for mea-
suring the blood flow velocity in the entire cervical vessel, a
target blood vessel has to be first visualized in a long axis view
and then the entire blood vessel has to be visually observed
from one portion to another to detect an abnormality, while
simultaneously moving the pulse-Doppler sampling position
(the gate position) along the long axis of the blood vessel.
This being so, a physical burden is imposed on a patient, and
an operation burden is imposed on a doctor.
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[0007] Under the above circumstances, the object is to pro-
vide an ultrasonic diagnostic apparatus, an ultrasonic image
processing apparatus and an ultrasonic image processing
method, which enable calculation of a blood-vessel feature
amount for a wider area than before and which enable the
observer to visually recognize the calculation result quickly
and easily.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1isablock diagram showing the arrangement
of an ultrasonic diagnostic apparatus 1 according to an
embodiment;

[0009] FIG. 2 is a flowchart showing a procedure for pro-
cessing (wide-area feature amount image generation process-
ing) based on a wide-area feature amount generation func-
tion;

[0010] FIG. 3 is a view showing an example of color raw
data for each frame which is generated by a blood flow detec-
tion unit 24 and stored in a raw data memory 25;

[0011] FIG. 4 is aview showing an example of information
stored in a flow index value storage unit 260 and a feature
amount storage unit 261 in blood flow information/feature
amount information calculation processing;

[0012] FIG.5is a view showing an example of a wide-area
feature amount image displayed while being superimposed
on a B-mode image on a monitor 14;

[0013] FIG. 6is a view for explaining the wide-area feature
amount image generation function according to the first
modification;

[0014] FIG. 7is aview for explaining the wide-area feature
amount image generation function according to the second
modification;

[0015] FIG. 8is a view for explaining the wide-area feature
amount image generation function according to the third
modification;

[0016] FIG.9is aview for explaining the wide-area feature
amount image generation function according to the fourth
modification;

[0017] FIG. 10 is a view for explaining the wide-area fea-
ture amount image generation function according to the fifth
modification;

[0018] FIG. 11 is a view for explaining the wide-area fea-
ture amount image generation function according to the sixth
modification;

[0019] FIG. 12 is a view for explaining the wide-area fea-
ture amount image generation function according to the sixth
modification;

[0020] FIG. 13 is a view for explaining the wide-area fea-
ture amount image generation function according to the sev-
enth modification;

[0021] FIG. 14 is a view for explaining the wide-area fea-
ture amount image generation function according to the sev-
enth modification; and

[0022] FIG.15is aview for explaining a conventional pulse
Doppler method.

DETAILED DESCRIPTION

[0023] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus includes a detection unit config-
ured to detect a distribution of velocity information at each
position in a predetermined area in an object over a predeter-
mined interval by scanning the predetermined area with an
ultrasonic wave, a calculation unit configured to calculate at
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least one feature amount based on at least one of a maximum
flow velocity value, a minimum flow velocity value, and a
mean flow velocity value at the each position in the predeter-
mined interval by using velocity information at each position
over the predetermined interval, and a display unit configured
to display the feature amount in a predetermined form.
[0024] The embodiment will be described below with ref-
erence to the accompanying drawings. Note that the same
reference numerals in the following description denote con-
stituent elements having almost the same functions and
arrangements, and a repetitive description will be made only
when required.

[0025] FIG.1is a block diagram showing the arrangement
of an ultrasonic diagnostic apparatus 1 according to this
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
apparatus 1 includes an ultrasonic probe 12, an input device
13, a monitor 14, an ultrasonic transmission unit 21, an ultra-
sonic reception unit 22, a B-mode processing unit 23, a blood
flow detection unit 24, a raw data memory 25, a feature
amount calculation unit 26, an image processing unit 27, a
display processing unit 28, a control processor (CPU) 29, a
storage unit 30, and an interface unit 31. The function of each
constituent element will be described below.

[0026] The ultrasonic probe 12 is a device (probe) which
transmits ultrasonic waves to an object, and receives reflected
waves from the object based on the transmitted ultrasonic
waves. The ultrasonic probe 12 has, on its distal end, an array
of a plurality of piezoelectric transducers, a matching layer, a
backing member, and the like. The piezoelectric transducers
transmit ultrasonic waves in a desired direction in a scan area
based on driving signals from the ultrasonic transmission unit
21, and convert reflected waves from the object into electrical
signals. The matching layer is an intermediate layer which is
provided for the piezoelectric transducers to make ultrasonic
energy efficiently propagate. The backing member prevents
ultrasonic waves from propagating backward from the piezo-
electric transducers. When the ultrasonic probe 12 transmits
an ultrasonic wave to an object P, the transmitted ultrasonic
wave is sequentially reflected by the discontinuity surface of
an acoustic impedance of an internal body tissue, and is
received as an echo signal by the ultrasonic probe 12. The
amplitude of this echo signal depends on an acoustic imped-
ance difference on the discontinuity surface by which the
echo signal is reflected. The echo produced when a transmit-
ted ultrasonic pulse is reflected by a moving blood flow is
subjected to a frequency shift depending on the velocity com-
ponent of the moving body in the ultrasonic transmission/
reception direction due to the Doppler effect.

[0027] Note that the ultrasonic probe 12 according to this
embodiment may be a two-dimensional array probe (i.e., a
probe having ultrasonic transducers arranged in the form of a
two-dimensional matrix) or a probe which can acquire vol-
ume data, e.g., a mechanical 4D probe (i.e., a probe which can
execute ultrasonic scanning while mechanically swinging an
ultrasonic transducer array in a direction perpendicular to the
array direction). Obviously, the ultrasonic probe 12 may be a
one-dimensional array probe.

[0028] The input device 13 is connected to an apparatus
body 11 and includes various types of switches, buttons, a
trackball, a mouse, and a keyboard which are used to input, to
the apparatus body 11, various types of instructions, condi-
tions, an instruction to set a region of interest (ROI), various
types of image quality condition setting instructions, and the
like from an operator.
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[0029] The monitor 14 displays morphological information
and blood flow information in the living body as images based
on video signals from the display processing unit 30.

[0030] The ultrasonic transmission unit 21 includes a trig-
ger generation circuit, delay circuit, and pulser circuit (none
of which are shown). The trigger generation circuit repeti-
tively generates trigger pulses for the formation of transmis-
sion ultrasonic waves at a predetermined rate frequency fr Hz
(period: 1/fr sec). The delay circuit gives each trigger pulse a
delay time necessary to focus an ultrasonic wave into a beam
and determine transmission directivity for each channel. The
pulser circuit applies a driving pulse to the probe 12 at the
timing based on this trigger pulse.

[0031] Theultrasonic transmission unit 21 has a function of
instantly changing a transmission frequency, transmission
driving voltage, or the like to execute a predetermined scan
sequence in accordance with an instruction from the control
processor 29. In particular, the function of changing a trans-
mission driving voltage is implemented by linear amplifier
type transmission circuit capable of instantly switching its
value or a mechanism of electrically switching a plurality of
power supply units.

[0032] The ultrasonic reception unit 22 includes an ampli-
fier circuit, A/D converter, delay circuit, and adder (none of
which are shown). The amplifier circuit amplifies an echo
signal received via the probe 12 for each channel. The A/D
converter converts each analog echo signal into a digital echo
signal. The delay circuit gives the digitally converted echo
signals delay times necessary to determine reception direc-
tivities and perform reception dynamic focusing.

[0033] The adder then performs addition processing for the
signals. With this addition, a reflection component from a
direction corresponding to the reception directivity of the
echo signal is enhanced to form a composite beam for ultra-
sonic transmission/reception in accordance with reception
directivity and transmission directivity.

[0034] The B-mode processing unit 23 receives an echo
signal from the reception unit 22, and performs logarithmic
amplification, envelope detection processing, and the like for
the signal to generate data whose signal intensity is expressed
by a luminance level.

[0035] The blood flow detection unit 24 extracts a blood
flow signal from the echo signal received from the ultrasonic
reception unit 22, and generates blood flow data. In general,
the blood flow detection unit 24 extracts a blood flow by CFM
(Color Flow Mapping). In this case, the blood flow detection
unit 24 analyzes the blood flow signal to obtain blood flow
information such as mean velocities, variances, and powers as
blood flow data at multiple points.

[0036] The raw data memory 25 generates B-mode raw
data as B-mode data on ultrasonic scanning lines by using a
plurality of B-mode data received from the B-mode process-
ing unit 23. The raw data memory 25 generates color raw data
as blood flow data on ultrasonic scanning lines by using a
plurality of blood flow data received from the blood flow
detection unit 24. Note that for the purpose of reducing noise
or smooth concatenation of images, a filter may be inserted
after the raw data memory 25 to perform spatial smoothing.
[0037] With the wide-area feature amount image genera-
tion function (to be described later), the feature amount cal-
culation unit 26 receives blood flow information obtained by
CFM over a predetermined interval from the raw data
memory 25, and calculates a flow index value and feature
amount associated with a blood flow at each position in the
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blood vessel under the control of the control processor 29. In
this case, a flow index value associated with a blood flow is,
for example, a maximum value, mean value, or minimum
value, and a feature amount associated with a blood flow is,
for example, a PI, RI, or S/D.

[0038] The image processing unit 27 generates B-mode
image data, CFM image data, and volume data by using the
B-mode raw data and color raw data received from the raw
data memory 25. The image processing unit 27 performs
predetermined image processing such as volume rendering,
MPR (Multi Planar Reconstruction), and MIP (Maximum
Intensity Projection). The image processing unit 27 generates
a feature amount image in which different colors are assigned
in accordance with feature amount values by using the feature
amounts at the respective positions which are calculated by
the feature amount calculation unit 26.

[0039] Note that for the purpose of reducing noise or
smooth concatenation of images, a two-dimensional filter
may be inserted after the image processing unit 27 to perform
spatial smoothing.

[0040] The display processing unit 28 executes various
kinds of processes associated with a dynamic range, lumi-
nance (brightness), contrast, y curve correction, RGB conver-
sion, and the like for various kinds of image data generated/
processed by the image processing unit 27.

[0041] The control processor 29 has the function of an
information processing apparatus (computer) and controls
the operation of the main body of this ultrasonic diagnostic
apparatus. The control processor 29 reads out a dedicated
program for implementing a wide-area feature amount image
generation function (to be described later) from the storage
unit 30, and the like from a storage unit 30, expands the
program in its own memory, and executes computation, con-
trol, and the like associated with each type of processing.
[0042] The storage unit 30 stores the dedicated program for
implementing the wide-area feature amount image genera-
tion function, diagnosis information (patient ID, findings by
doctors, and the like), a diagnostic protocol, transmission/
reception conditions, a color table for assigning different
colors in accordance with calculated feature amount values,
and other data groups. The storage unit 30 is also used to store
images in the image memory (not shown), as needed. It is
possible to transfer data in the storage unit 30 to an external
peripheral device via the interface unit 31.

[0043] The interface unit 31 is an interface associated with
the input device 13, a network, and a new external storage
device (not shown). The interface unit 31 can transfer, via a
network, data such as ultrasonic images, analysis results, and
the like obtained by this apparatus to another apparatus.

(Wide-Area Feature Amount Image Generation Function)

[0044] The wide-area feature amount image generation
function of the ultrasonic diagnostic apparatus 1 will be
described next. This function serves to generate a feature
amount image such that flow velocity index values and fea-
ture amounts associated with blood flows at the respective
positions in the blood vessel are calculated using blood flow
information obtained by CFM over a predetermined interval
and different colors are assigned in accordance with the fea-
ture amount values. This makes it possible to quickly and
easily observe feature amounts in a wide area as compared
with the prior art.

[0045] FIG. 2 is a flowchart showing a procedure for pro-
cessing (wide-area feature amount image generation process-
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ing) based on the wide-area feature amount image generation
function. The contents of processing in each step will be
described below.

[Reception of Input of Patient Information and Transmission/
Reception Conditions: Step S1]

[0046] The operator executes, via the input device 13,
inputting of patient information and selection of an imaging
mode, scan sequence, transmission/reception conditions, and
the like for ultrasonically scanning a predetermined area in an
object (step S1). In this case, the operator selects the CFM
mode as an imaging mode, and inputs a sample volume,
transmission voltage, and the like as transmission/reception
conditions. The storage unit 30 automatically stores the input
and selected pieces of information, conditions, and the like.

[Acquisition of Blood Flow Information in CFM Mode: Step
S2]

[0047] The operator brings the ultrasonic probe 12 into
contact with the surface of the object at a desired position to
execute ultrasonic scanning in the CFM mode for an area
including a diagnosis region (a desired blood vessel in this
case) as an area to be scanned. The echo signals acquired by
ultrasonic scanning in the CFM mode are sent to the blood
flow detection unit 24 via the ultrasonic reception unit 22. The
blood flow detection unit 24 extracts blood flow signals by
CFM, obtains blood flow information such as mean veloci-
ties, variances, and powers as blood flow data at multiple
points, and generates blood flow velocity information (color
data) for each frame. The raw data memory 25 generates color
raw data for each frame by using a plurality of color data
received from the blood flow detection unit 24 (step S2).

[Calculation of Flow Velocity Index Value and Feature
Amount: Step S3]

[0048] The feature amount calculation unit 26 receives
blood flow information, of the blood flow information
obtained by CFM, which corresponds to a predetermined
interval from the raw data memory 25, and calculates a flow
velocity index value and a feature amount at each position in
the blood vessel (step S3).

[0049] FIG.3 isa view showing an example of the color raw
data for each frame which is generated by the blood flow
detection unit 24 and stored in the raw data memory 25. FIG.
3 shows an example in which velocity information corre-
sponding to a sample x and raster y in the nth frame, generated
by the blood flow detection unit 24, is defined as V(x, y, n),
and a frame count, sample count, and raster count are respec-
tively set to N, 400, and 200. In addition, the maximum
velocity, minimum velocity, and mean velocity at the sample
x and the raster y in the range from the first frame to the
[0050] Nth frame are respectively defined as Vmax(x, y),
Vmin(x, y), and Vmean(x, y). Furthermore, PI(x, y) and RI(x,
y) at the sample x and the raster y in the range from the first
frame to the Nth frame are respectively defined by equations
(1) and (2) given below:

PI(x,y)=(Vmax(x,y)-Vmin(x,y))/ Vmean(x,y) (N
RI(x,y)=(Vmax(x,y)-Vmin(x,y) )/ Vmax(x,y) )

[0051] Upon receiving velocity information V(x, y, 1)
(where x and y are natural numbers satisfying 1=x=400 and
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1=y=200) of the first frame from the raw data memory 25,
the feature amount calculation unit 26 temporarily stores the
information in its memory.

[0052] Upon receiving velocity information V(x, y, 2) of
the second frame from the raw data memory 25, the feature
amount calculation unit 26 temporarily stores the information
in its memory, and compares the information with the veloc-
ity information V(x, y, 1) of the first frame to calculate the
maximum velocity Vmax(X, y), minimum velocity Vmin(x,
y), and mean velocity Vmean(x, y) at the sample x and the
raster y. In addition, the feature amount calculation unit 26
calculates PI(x, y) and RI(x, y) by using obtained Vmax(x, y),
Vmin(x, y), and Vmean(x, y) according to equations (1) and
(2). The feature amount calculation unit 26 stores acquired
Vmax(x, y), Vmin(x, y), and Vmean(x, y) in a flow velocity
index value storage unit 260, and also stores PI(x, y) and RI(x,
y) in a feature amount storage unit 261.

[0053] Upon receiving velocity information V(x, y, 3) of
the third frame from the raw data memory 25, the feature
amount calculation unit 26 temporarily stores the information
in its memory, and compares the velocity information V(x, y,
3) with the maximum velocity Vmax(x, y) of the first and
second frames. If the velocity information V(x, y, 3) is larger
than the maximum velocity Vmax(x, y) of the first and second
frames, the feature amount calculation unit 26 updates the
maximum velocity Vmax(x, y). If the velocity information
V(x,y,3)is smaller than the maximum velocity Vmax(x, y) of
the first and second frames, the feature amount calculation
unit 26 keeps the maximum velocity Vmax(x, y). The feature
amount calculation unit 26 calculates Vmin(x, y) in the same
manner, and calculates the average velocity Vmean(x, y) of
the first to third frames by using the pieces of velocity infor-
mation of the first, second, and third frames (or the average
velocity Vmean(x, y) of the first and second frames or the
velocity information V(x, y, 3) of the third frame). The feature
amount calculation unit 26 also calculate PI(x, y) and RI(x, y)
by using obtained Vmax(x, y), Vmin(x, y), and Vmean(x, y)
according to equations (1) and (2). The feature amount cal-
culation unit 26 then stores acquired Vmax(x, y), Vmin(x, y),
and Vmean(x, y) in the flow velocity index value storage unit
260, and PI(x, y) and RI(x, y) in the feature amount storage
unit 261.

[0054] Thereafter, the feature amount calculation unit 26
sequentially executes similar processing up to the Nth frame.
As aresult, the flow velocity index value storage unit 260 and
the feature amount storage unit 261 store pieces of informa-
tion like those shown in FIG. 4.

[0055] Note that it is not necessary to calculate PI(x, y) and
RI(x,y) and store (update) them in the feature amount storage
unit 261 at the same timings as those for the calculation of
Vmax(x,y), Vmin(x, y), and Vmean(x, y) and storing (updat-
ing) of them in the flow velocity index value storage unit 260.
For example, the apparatus may detect heartbeats based on
biological information such as blood flow information and
ECG information obtained by CFM, calculate PI(x, y) and
RI(x, y) with reference to them (e.g., for each heartbeat, and
store (update) them in the feature amount storage unit 261.

[Generation/Display of Wide-Area Feature Amount Image:
Steps S4 and S5]

[0056] Theimage processing unit 27 then generates a wide-
area feature amount image by using the acquired blood flow
information (step S4). That is, the image processing unit 27
generates a wide-area feature amount image with each feature
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amount being represented by PI(x, y) by assigning different
colors in accordance with the obtained values of PI(x, y) in
step S4. The image processing unit 27 also generates a wide-
area feature amount image with each feature amount being
represented by RI(x, y) by assigning different colors in accor-
dance with the values of RI(x, y) obtained in step S4. The
monitor 14 displays the generated wide-area feature amount
images in a predetermined form after predetermined display
processing is performed on the image (step S5).

[0057] FIG. 5 is a view showing an example of the wide-
area feature amount image displayed while being superim-
posed on a B-mode image on the monitor 14. As shown in
FIG. 5, itis possible to visualize PI(x, y) or RI(x, y) in an area
winder than that in the prior art.

[0058] The above wide-area feature amount image genera-
tion function can be variously modified. Typical modifica-
tions of this wide-area feature amount image generation func-
tion will be described below.

First Modification

[0059] As shown in FIG. 6, the wide-area feature amount
image generation function according to the first modification
displays a CDI image and a wide-area feature amount image
side by side. According to this modification, the observer can
visually recognize a blood flow velocity and a blood flow
feature amount quickly and easily by simultaneously observ-
ing the CDI image and wide-area feature amount image
which are simultaneously displayed. In particular, the wide-
area feature amount image uses velocity information
acquired by CFM, and hence the CDI and the wide-area
feature amount image in a wide range are displayed almost
simultaneously. This makes it possible to easily associate or
compare the CDI image with the wide-area feature amount
image, thus improving the observation efficiency.

Second Modification

[0060] The wide-area feature amount image generation
function according to the second modification simulta-
neously displays wide-area feature amount images of a plu-
rality of slices, as shown in FIG. 7, when, for example, the
observer wants to compare wide-area feature amount images
of the left and right carotid arteries. This modification allows
the observer to quickly and easily compare the feature
amounts of spatially separate regions by observing a plurality
of wide-area feature amount images which are simulta-
neously displayed.

[0061] Note that the display form according to the second
modification is effective, for example, when the operator
wants to simultaneously observe a plurality of wide-area
feature amount images acquired at different timings.

Third Modification

[0062] The wide-area feature amount image generation
function according to the third modification spatially associ-
ates a plurality of wide-area feature amount images to display
them as one composite image (also called a fusion image,
concatenated image, combined image, or panorama image).
It is possible to generate this composite image by, for
example, calculating moving amounts from changes in image
between B-mode frames and concatenating a plurality of
wide-area feature amount images upon spatially associating
them with each other.
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[0063] FIG. 8 shows an example of the composite image
according to the third modification generated from a plurality
of wide-area feature amount images. As is obvious from the
comparison between FIGS. 8 and 5, the composite image
allows quick and easy visual recognition of the feature
amounts of blood flows in a wider area.

Fourth Embodiment

[0064] The wide-area feature amount image generation
function according to the fourth modification displays calcu-
lated feature amount information and a calculated flow veloc-
ity index value as character information.

[0065] FIG. 9 is a view for explaining a display form
according to the fourth modification. As shown in FIG. 9,
displaying feature amount information such as a PI and blood
flow information such as Vmax as character information
together with, for example, a CDI image (or a predetermined
wide-area feature amount image) also allows quick and easy
visual recognition of the flow velocity index value and the
blood flow feature amount.

Fifth Modification

[0066] The wide-area feature amount image generation
function according to the fifth modification displays calcu-
lated feature amount information in the form of a graph.

[0067] FIG. 10 is a view for explaining a display form
according to the fifth modification. As shown in FIG. 10, for
example, setting a desired path A-B on a CDI image via the
input device 13 will generate a graph showing the spatial
change rates of PI and RI along the path A-B based on calcu-
lation results. This graph is displayed as shown in FIG. 10.
Displaying feature amount information in the form of a graph
in this manner also allows quick and easy visual recognition
of flow velocity index values and blood flow feature amounts.

Sixth Modification

[0068] The wide-area feature amount image generation
function according to the sixth modification specifies a
desired position (e.g., a position where the PI value is large)
on a wide-area feature amount image, and executes pulse
Doppler processing upon automatically setting a sampling
position at the specified position.

[0069] Assume that a wide-area feature amount image like
that shown in FIG. 11 is to be acquired and displayed. In this
case, when the operator inputs an instruction to start pulse
Doppler processing via the input device 13, this function
automatically detects a position where the PI value becomes
maximum and specifies a desired position P. The control
processor 29 automatically sets a sampling position at the
specified position P, and executes pulse Doppler processing to
acquire, for example, a Doppler waveform like that shown in
FIG.12. Note that the apparatus may automatically determine
the execution timing of pulse Doppler processing after auto-
matically setting a sampling position or may determine an
execution timing in response to an instruction input by the
operator via the input device 13.

Seventh Modification

[0070] The wide-area feature amount image generation
function according to the seventh modification displays, at
once, feature amounts associated with more areas in the blood
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vessel to be displayed by concatenating areas in which feature
amounts have been measured (feature amount measurement
areas).

[0071] FIGS. 13 and 14 are views for explaining display
forms according to the seventh modification. As shown in
FIG. 13, concatenating (coupling) feature amount measure-
ment areas al, a2, and a3 individually calculated in step S3
upon spatially associating them with each other can generate
and display a wide-area feature amount image A indicating
feature amounts associated with many areas in the blood
vessel.

[0072] Inaddition, itis possible to generate and display one
composite image like that shown in FIG. 14 by concatenating
(coupling) wide-area feature amount images having a plural-
ity of feature amount measurement areas like those shown in
FIG. 13 upon spatially associating them with each other in
accordance with the method described with reference to the
third modification. Such a composite image allows quick and
easy visual recognition of blood flow feature amounts in a
wider range.

[0073] The feature amount calculation in step S3 can be
executed by each heartbeat or every plurality of heartbeats.
This can be realized by performing the feature amount calcu-
lation mentioned in step S3 based on velocity information V
(X, v, n) in each frame from the first frame to the nth frame
over a heartbeat or a plurality of heartbeats (n is an integer
satisfying 1=n=N). In the case of generating the concat-
enated images of FIGS. 13 and 14, the feature amount in each
feature amount area is preferred to be calculated by the same
number of heartbeats. Further, in the case of obtaining the
feature amount by a plurality of heartbeats for each feature
amount area, it is also fine to calculate the feature amount for
each heartbeat for each feature amount area, calculate the
feature amount corresponding to the plurality of heartbeats,
and calculate the average thereof.

Effects

[0074] The ultrasonic diagnostic apparatus described
above calculates feature amounts such as PI values associated
with blood flows at the respective positions in the blood vessel
by using blood flow information obtained by CFM over a
predetermined interval, and assigns different colors in accor-
dance with the calculated values, thereby generating and dis-
playing a feature amount image. It is therefore possible to
calculate feature amounts such as PI values associated with a
wide area, as compared with conventional pulse Doppler
processing, and to display the result as a wide-area feature
amount image. The operator can visually recognize flow
velocity index values and feature amounts associated with a
wide blood vessel area, as compared with the prior art,
quickly and easily by observing the displayed wide-area fea-
ture amount image.

[0075] The conventional ultrasonic diagnostic apparatus
examines the overall blood vessel by moving a sampling
position in pulse Doppler processing along the blood vessel,
and hence takes much time. In contrast to this, for example,
when measuring a blood flow velocity in cervical vessel ultra-
sonic examination, the apparatus extracts a target blood ves-
sel in a long axis view by using this wide-area feature amount
image, and executes screening. This makes it possible to
quickly and easily discriminate the presence/absence of an
abnormality. This allows the operator to finish examination if
there is no abnormality and to perform detailed examination
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by moving a sampling position in pulse Doppler processing if
there is an abnormality, thus improving the examination effi-
ciency.

[0076] Note that the present invention is not limited to the
embodiment described above, and constituent elements can
be modified and embodied in the execution stage within the
spirit and scope of the invention.

[0077] (1) Each function associated with this embodiment
can also be implemented by installing programs for executing
the corresponding processing in a computer such as a work-
station and expanding them in a memory. In this case, the
programs which can cause the computer to execute the cor-
responding techniques can be distributed by being stored in
recording media such as magnetic disks (floppy® disks, hard
disks, and the like), optical disks (CD-ROMs, DVDs, and the
like), and semiconductor memories.

[0078] (2) The blood flow information acquired in the CFM
mode may be stored in advance, and this wide-area feature
amount image may be generated and displayed afterward.

[0079] (3) The above embodiment has exemplified the case
in which a wide-area feature amount image is generated and
displayed by assigning different colors to corresponding
positions in accordance with acquired feature amount values.
However, this embodiment is not limited to this case. For
example, it is possible to generate and display a wide-area
feature amount image by assigning different colors to corre-
sponding positions in accordance with acquired flow velocity
index values.

[0080] (4) The above embodiment has explained an
example in the case of executing wide-area feature amount
image generation processing by generating spatial distribu-
tion of velocity information using a series of signals obtained
by an imaging mode for performing CFM.

[0081] However, this embodiment is not limited to this
example. It is also possible to execute wide-area feature
amount image generation processing by generating spatial
distribution of velocity information using a series of signals
obtained by other image modes. For example, wide-area fea-
ture amount image generation processing may be executed by
generating spatial distribution of velocity information using a
series of signals obtained by an imaging mode which executes
Doppler processing with respect to a series of signals
obtained by a B-mode scan. Furthermore, other than the
B-mode, spatial distribution of velocity information may be
generated by, for example, executing high-speed B-mode
scan in which a scanning range is limited, and performing
correlation processing (for example, speckle tracking pro-
cessing) between frames of the obtained B-mode image. The
present wide-area feature amount image generation process-
ing is also executable by using such spatial distribution of
velocity information.

[0082] In addition, various inventions can be formed by
proper combinations of a plurality of constituent elements
disclosed in the above embodiments. For example, several
constituent elements may be omitted from all the constituent
elements disclosed in the above embodiments. Furthermore,
constituent elements in the different embodiments may be
properly combined.

[0083] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms;
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[0084] furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the inven-
tions. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall
within the scope and spirit of the inventions.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a detection unit configured to detect a distribution of veloc-
ity information at each position in a predetermined area
in an object over a predetermined interval by scanning
the predetermined area with an ultrasonic wave;

a calculation unit configured to calculate at least one fea-
ture amount based on at least one of a maximum flow
velocity value, a minimum flow velocity value, and a
mean flow velocity value at the each position in the
predetermined interval by using velocity information at
the each position over the predetermined interval; and

a display unit configured to display the feature amount in a
predetermined form.

2. The apparatus of claim 1, wherein the feature amount
includes at least one of a PI (Pulsatility Index), an RI (Resis-
tance Index), and an S/D.

3. The apparatus of claim 1, wherein the detection unit
detects a distribution of velocity information at each position
in the predetermined area over a predetermined interval by
using a color Doppler mode.

4. The apparatus of claim 1, further comprising an image
generation unit configured to generate at least one index
image in which different hues are assigned in accordance with
respective feature amounts of the at least one feature amount,

wherein the display unit displays the at least one index
image.

5. The apparatus of claim 4, wherein the display unit simul-
taneously displays the at least one index image and a color
Doppler image.

6. The apparatus of claim 4, wherein the image generation
unit generates a composite image by concatenating the at
least one index image upon spatial association, and

the display unit displays the composite image.

7. The apparatus of claim 4, wherein the display unit simul-
taneously displays the plurality of index images.

8. The apparatus of claim 4, wherein the calculation unit
calculates the plurality of feature amounts based on at least
one of the maximum flow velocity value, the minimum flow
velocity value, and the mean flow velocity value at the each
position in the predetermined interval,

the image generation unit generates the index image by
using a first feature amount of the plurality of feature
amounts, and

the display unit displays, in a predetermined form, the
index image generated by using the first feature amount
and a second feature amount, of the plurality of feature
amounts, which is different from the first feature
amount.

9. The apparatus of claim 1, wherein the display unit dis-
plays at least one of the flow velocity index value and the
feature amount as a graph indicating a spatial change associ-
ated with a predetermined path set by an input device.

10. The apparatus of claim 1, further comprising a deter-
mination unit configured to determine a sampling position
based on at least one of the flow velocity index value and the
feature amount when executing a pulse Doppler mode.
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11. The apparatus of claim 1, wherein the calculation unit
calculates at least one of the flow velocity index value and the
feature amount with reference to a heartbeat or pulse.

12. The apparatus of claim 1, wherein the calculation unit
calculates the feature amount over a heartbeat or a plurality of
heartbeats.

13. The apparatus of claim 1, wherein the detection unit
detects the distribution of velocity information based on a
series of signals obtained by an imaging mode which executes
Doppler processing with respect to a series of signals
obtained by a B-mode scan.

14. The apparatus of claim 1, wherein the detection unit
detects the distribution of velocity information by executing a
speckle tracking process based on a series of signals obtained
by a B-mode scan.

15. An ultrasonic image processing apparatus comprising:

a storage unit configured to store velocity information at

each position in a predetermined area in an object
detected over a predetermined interval by scanning the
predetermined area with an ultrasonic wave;
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a calculation unit configured to calculate at least one fea-
ture amount based on at least one of a maximum flow
velocity value, a minimum flow velocity value, and a
mean flow velocity value at the each position in the
predetermined interval by using velocity information at
the each position over the predetermined interval; and

a display unit configured to display the feature amount in a
predetermined form.

16. An ultrasonic image processing method comprising:

detecting a distribution of velocity information at each
position in a predetermined area in an object over a
predetermined interval by scanning the predetermined
area with an ultrasonic wave;

calculating at least one feature amount based on at least one
of a maximum flow velocity value, a minimum flow
velocity value, and a mean flow velocity value at the
each position in the predetermined interval by using
velocity information at the each position over the prede-
termined interval; and

displaying the feature amount in a predetermined form.
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